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Every stage in the transition from primitive man to industrial man has been 
marked by a sacrifice to specialization, leading to the Homo Fragmentatus of 
today. To study the fragmentation of man, we have the social and psycho- 
logical sciences. These sciences are incomplete, and many would deny that 
some of them are sciences at all. Yet they are all we have and they remain 
our only hope for integrating man into our technological society. This is a 
field where every solution is perhaps a compromise solution, but intelligent 
anticipation can at least give a choice between the better and the worse. 


MATHEMATICS FOR MANAGERS 
by MICHEL VERHULST . 


Operational research, organized decision-making, theory of games, linear pro- 
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branch of mathematics, which might perhaps best be called ‘mathematics for 
managers’. It is, in fact, a whole group of combined methods which, owing to 
advances in electronic computors, are likely to revolutionize the techniques 
of management, not only in big industrial and commercial concerns, but in all 
kinds of social activities and organizations. 
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by JOHN GRAY . 


In this study on the problem of materials, the emphasis is on the need to 
plan research ahead rather than to rely, as in the past, on the haphazard 
teactions of private enterprise. The speed at which man, by his science and 
technology, augments the resources at his disposal in the next fifty years is 
likely to be crucial for the welfare of the twenty-first century. 
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INTEGRATING SOCIAL WITH 
TECHNOLOGICAL CHANGE 


by 
THE EARL OF HALSBURY 


Lord Halsbury, who contributed a study on automation to 
the previous issue of Impact, is Managing Director of the 
National Research Development Corporation and a Deputy 
Chairman of the Parliamentary and Scientific Committee 
of the United Kingdom. He is also Chairman of the National 
Institute of Industrial Psychology. 


Take a piece of broken glass—a piece of bottle-glass will do. Give it to an 
Australian tribesman. He will fashion it into an arrow-head or a spear-point 
with a skill for which you could vainly search in Western Europe. He will 
then bind the point to an arrow or spear and fit the arrow or the spear to 
a bow he has strung himself or to a spear-thrower he has made himself. 
Thus armed, he will hunt for the pot, kill his game and prepare his dinner 
with due attention to ceremonial. 

Primitive man is, in this sense, complete and integrated. He is both jack 
and master of all trades necessary to ensure his survival at subsistence level. 
This material self-sufficiency is accompanied by a measure of spiritual integra- 
tion of the same lowly but complete order. “The Kalahari Bushman’, as 
Laurens van der Post once said to me, ‘is an individualist and likeable ac- 
cordingly. He has to be, for he has to do everything for himself.’ 

A part of this self-sufficiency was sacrificed to the neolithic revolution, 
and with it went a part of the spiritual integration. It lingered most noticeably 
amongst nomadic folk, the herdsmen of the great steppes and deserts, and 
the sea-faring peoples of Polynesia. Not for any trivial reason do we picture 
the spiritual ancestor of Western man, Abraham, as a shepherd. For the 
Argonauts of the Pacific, self-sufficiency and spiritual integration are still 
linked. The building of a canoe is a high adventure, not a mere industrial 
operation. The selection of the tree, its conversion into a hull, its launching 
and naming, are operations of equal importance, each attended by the 
appropriate ritual, without which the finished canoe would have no status. 


SUNDERED MAN 


Every stage in the transition from the neolithic revolution to the modern 
industrial State has been marked by a similar sacrifice to specialization. 
We may, if we are sentimentally inclined, look back upon the craft skills 
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of the eighteenth and earlier centuries as to the practices of a golden ap, | 
The earlier ages, however, were not golden in their own estimation ay / 


themselves looked wistfully towards a more ideal past, a past of mor 
primitive achievement and yet more solid virtue. Each age has expresga 
this vision in its own myth. If myth-making and automation seem quee, 
bed-fellows, let the reader consider whether the synthetic glamour surroun¢. 
ing Hollywood stars is psychologically less real than the old myths. Th 
modern myth was first enunciated by William Blake in his vision of th 
Giant Albion, the sundered man. It reached advanced expression jj 
C. G. Jung’s Modern Man in Search of a Soul. Let us consider by way of 
introduction a pen portrait of Homo Fragmentatus as seen through the eye; 
of a modern philosopher. 


Our increasing command of causal laws makes for more and more complicated x. 
tivities: we have put many stages of artifice and device, of manufacture and alteration, 
between ourselves and the rest of nature. The ordinary city dweller knows nothin 
of the earth’s productivity; he does not know the sunrise and rarely notices when tk 
sun sets; ask him in what phase the moon is, or when the tide in the harbour is high 
or even how the average tide runs, and likely as not he cannot answer you. Seed-tin 
and harvest are nothing to him. If he has never witnessed an earthquake, a gre 
flood, or a hurricane, he probably does not feel the power of nature as a reality su. 
rounding his life at all. His realities are the motors that run elevators, subway train 
and cars, the steady feed of water and gas through the mains and of electricity ove 
the wires, the crates of foodstuff that arrive by night and are spread for his inspectin 
before his day begins, the concrete and brick, bright steel and dingy woodwork thi 
take the place of earth and waterside and shelterjng roof for him. His ‘house’ is a 
apartment in the great man-made city; so far as he is concerned, it has only a 
interior, no exterior, of its own. It could not collapse, let in rain or blow away. Ifi 
leaks, the fault is with a pipe or with the people upstairs, not with heaven. Nature « 
man has always known it, he knows no more. . . . His parks are landscaped ai 
fitted into his world of pavements and walls; his pleasure resorts are ‘development 
in which a wild field looks unformed, unreal; even his animals (dogs and cats a 
all he knows as creatures; horses are part of milk wagons) are fantastic breeds mat 
by his tampering. . . . The sun is too interesting as an object, a source of tras 
formable energies, to be interpreted as a god, a hero, or a symbol of passion. . . . A 
for the moon, it is too rarely seen to be a real presence to us, and fits too well inv 
the cosmological scheme governed by science to arouse wonder. We read about it 
beauties more often than we actually see them unchallenged by neon lights or blinkix 
bulbs. The earth, laid bare in building lots or parks, does not put forth unplanted lit, 
as it always did for the savage; only our farmers—a small portion of mankind—knw 
‘Mother Earth’ any longer; only our sailors—a still smaller portion—know the mig 
of a raging sea.! 


If we seek a cause for this divorce between man and nature, meaning }j 
cause something that can be put into a single sentence, then we must sei 
it in myth, for only myth attains the requisite simplicity. According to myth 
then, man fell by grasping at knowledge which would lead to more abundat! 
life for himself as opposed to the fulfilment of some higher purpose, 10 


1. Susanne K. Langer, Philosophy in a New Key, Harvard University Press, 1942. 
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lost and forgotten. The factual content of the myth is not the issue. What 
' it means is true. We can watch him re-enacting his fall every day in the 

daily news. . 
| But if by cause we mean the whole nexus, then a sentence cannot suffice. 
A human or historical situation is invariably richer than verbal analysis 
can reflect. Reality is a tangled skein of themes. With patience the analyst 
can dissect from it a thread here and there and is delighted to note a causal 
relation between its elements. The whole, however, remains beyond verbal 
description. We thus arrive at causes but never the cause. 

Thus, in studying the fragmentation of man, we shall discover a multi- 
plicity of causes depending upon the manner in which we approach the 
patient; and since the clinician will himself belong to the species he studies, 
any cause which he discovers is likely to be mistaken for the cause, however 
great his objectivity. 

For this task there are available the social and psychological sciences: 
physical and social anthropology, sociology, social psychology, industrial 
psychology and economics, together with various schools of experimental 
and analytic psychology. These sciences are incomplete. Many would deny 
that some of them are sciences at all. ‘Science proceeds by verifiable hypo- 
theses. Occasionally, a great science such as physics is held up for lack of a 
working theory. In psychology this state of affairs is chronic.’! Whether they 
should be regarded as sciences or not, their practitioners at least are inspired 
by orthodox scientific ideals, which are all we have. Till physicists have 
unified physics, they are in no position to criticize sociologists. The social 
sciences are young. They can still ask more questions than they can answer; 
but they remain all we have. It is irresponsible to neglect them, or in taking 
some chosen one into account, to forget that there are others. 


INDUSTRIAL SOCIETY 


Industrial society in the present context stands for more than a sub-title. 
It is also the name of a book by Georges Friedmann.” It has recently been 
translated into American, and has suffered unnecessarily at the hands of 
the translators owing to the use of the word ‘automation’ in the wrong 
context. Friedmann’s vocabulary, which is dated 1946, includes three groups 
of words, namely, automate, automatisme, automatisation (English: auto- 
maton, automatism, automatization), mécanique, la mécanique, mécanisation 
(English: mechanical, mechanics, mechanization) and machinisme for which 
there is no precise English equivalent. 





1.The author would be grateful to any reader who could identify this quotation. 
2.Industrial Society. The Emergence of the Human Problems of Automation, edited and with an 
introduction by Harold I. Sheppard, The Free Press, Glencoe, Illinois, 1955, 432 pp., $6. 
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The translator’s problem in relation to the first group is that ‘automatisy’ 
in English is a literary rather than a technical term, and its use, though 
perfectly correct, would strike an unfamiliar note. Also, ‘automatization’ jp 
English is clipped, unrhythmical, and a word to be avoided. Since, however, 
English is more latitudinarian than French in the use of ‘mechanization’ tp 
describe devices which are not strictly mechanical but may be thermo o, 
photo-electric, automatisation could be rendered ‘mechanization’ in the 
great majority of cases where the context would make its significance clear, 
and in the remainder it could be translated literally, or the literal word 
avoided periphrastically if euphony required it. 

Machinisme in the sense which it has in the original title, namely problémes 
humains du machinisme industriel, could be fairly if somewhat freely 
rendered as ‘human problems in the industrial machine age’. It appears 
to be wider in scope than mécanisation and to include not only the technical 
fact of mechanization but its sociological penumbra as well. In most of 
Friedmann’s contexts, however, mechanization would be an adequate trans- 
lation, as the translator has felt on page 375 of the American edition, where 
machinisme industriel is rendered ‘industrial mechanization’, and on page 385 
where it becomes simply ‘mechanization’. No discoverable system or method, 
however, seems to have guided Dr. Sheppard through these difficulties, and 
his sub-title, The Emergence of the Human Problems of Automation, is not 
only a mistranslation of the original title, but misleads as to the purpose of 
Friedmann’s work, which is not concerned with the emergence of something 
new in 1956 but is an analysis of progress made in dealing with something 
that was not new in 1946. The French have not yet agreed on how to 
translate ‘automation’ into their language. In the absence of any agreed 
practice, they currently use l’automatisme and l’automatique to render it 
where necessary. Automatisme has thus a twofold sense, namely the sense in 
which Friedmann employed it in 1946, and an auxiliary sense in which it is 
employed today. It is therefore essential to be clear as to the extent to which 
Friedmann used it in the latter sense in 1946. The nearest he got to it was 
in such a phrase as Ainsi l’automatisme poussé a fond, exprimant toutes ses 
virtualités, peut aller dans le sens de ’humanisation de la grande industrie. 
Thus automatisme or ‘mechanization’ creates the human problems of which 
Friedmann treats, while automatisme poussé a fond, i.e. ‘automation’, may 
provide a component of their solution. To use the word automation indis- 
criminately as in the American translation creates a permanent confusion 
between a problem and its solution. 

My reasons for dwelling on this point at such length are not derived from 
any wish to indulge in verbal hair-splitting, but because Sheppard’s translation 
in the wrong hands could be put to mischievous use—especially mischievous 
by reason of the author’s standing. 

As Friedmann’s work is a classic of scientific respectability, it merited 
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worthier treatment in this respect. It is a classic in the sense that it is read- 
able, non-technical and, within its limitations, a complete exposition of the 
ground which it sets out to cover. It is also a classic in the sense that no 
layman, having read it, could fail to be affected by it, or approach its subject 
matter thereafter from a narrow perspective. Industrial Society, as a book, 
resembles industrial society, the fact. It is part of a whole, just as the 
pen-portrait of the author unconsciously self-sketched between the lines is a 
portrait of Homo Fragmentatus. 

Friedmann’s only failing, and it is typically human, is that he writes of 
industrial society from within as a psychologist, and not from without as 
an anthropologist; that is to say, one whole group of the social sciences is 
unrepresented in his exposition. A brief recapitulation of the book’s contents 
will show the author in his various capacities, writing as a scientist where 
his subject matter has yielded to scientific inquiry, and as enthusiast, be- 
wildered fellow creature, and politician where it has not—each in an 
appropriate context. 

He commences with an exposition and criticism of Taylorism, a word 
coined to describe the views stemming historically from the pioneer work of 
F. W. Taylor. These views amount in short to two assertions: 

1. That of the various different ways of organizing labour, there is a dis- 
coverably and uniquely best one. 
2. That this best way of organizing labour is the one which maximizes the 
amount of output obtained in a given time. 
As there must be many who have never heard of Taylor, “Taylorism’ may 
appear to be somewhat of an Aunt Sally. Taylor was however a typical 
Homo Fragmentatus, and I would be the last to quarrel with the author on 
the ground that his attack is unnecessary. The criticism that lies at Taylor’s 
door is a very simple one. Output divided by time is but one of many 
functions which one could seek to maximize. Taylor’s assertion that its 
maximization resulted in something uniquely ‘best’ was bare and somewhat 
naive. It disconnected every factor that needed consideration bar one: labour 
regarded as something expendable. No shadow of proof was ever provided 
that this ‘best’ was intrinsically good. 

Granted that (according to some criterion) there is a task of maximization 
to be accomplished, what should we seek to maximize? Output divided by 
energy—human energy—seems a reasonable alternative, and Friedmann 
accordingly makes this theme the occasion for an excellent review of the 
human factors involved. The physiology of work, fatigue, the working 
environment, temperature, humidity, ventilation, illumination, noise, machine 
adaptation, and accidents—chapters and sections of chapters on these sub- 
jects flow on smoothly, illuminating the knowledge won by industrial physio- 
logy and industrial psychology in a field now reasonably well exploited and 
understood. Here the author pauses, and one might pause too to ask a 
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pertinent question. Is output divided by energy any more justifiable a prigy 
than output divided by time as a criterion of performance? One feels Hom 
Fragmentatus to be unconsciously at work again. Do good standards ¢ 
illumination, ventilation, safety and a tolerable noise level in our factorig 
need to be justified because they maximize output divided by energy? Ap 
they not good in themselves? What about output per career-time—outyy 
per generation? If one generation, why not two? May not one generatigy 
benefit by the sacrifice of its predecessor? If two, why not three? How do % 
match the human future to the day’s expediency by a formula? There is m 
answer to these questions, nor can there be. In any epoch there will be, 
climate of opinion on the good and the bad—men will draw up a formu 
valid for themselves. It cannot bind their successors. 

Friedmann then goes on to a consideration of factors less well understood 
involving problems the solution of which are in their infancy: the mon. 
tonies of sub-divided repetitive tasks and of the assembly line. The autho 
is now groping his way through a jungle in which we too are groping, » 
that we can explore hand in hand as it were with Friedmann, still talking 4 
a scientist and still leading us on as the more experienced explorer. Ther 
is however a diminuendo in the tone of authority marking the earlier portion 
of his exposition, which leads on to a consideration of automation in: 
section of a chapter specially written for the American translation. In the 
rather undefined sense in which Friedmann uses the term ‘automation’, hk 
appears to regard it not as a solution but as a possible resolvent of the 
problems of monotony, for which he can otherwise foresee only partid 
solutions; a resolvent in the sense that if automation fulfils its promise, th 
problems may disappear and pertain to history rather than to contemporary 
society. 

In a previous study! it has been argued that this is unlikely to come about 
within any foreseeable future; for the present we way note that automation 
is offering hope in a darkness which the author can only partly penetrate. 

There follows a section on occupational skill in which he, as so many 
before him, laments the passing of the old craft skills. I am impelled at this 
stage to ask, ‘Is this a cause or a symptom of our discontents?’ We look back 
to the eighteenth century and its craft skills as to a golden age, but did it # 
regard itself? Is it a lost skill or a whole lost way of life that we lament! 
And in lamenting the passing of an age, considered as ideal but in reality 
far from it, are we doing more than lament the progressive unfolding of the 
reality enshrined as myth in “The Fall of Man’? 

We are now two-thirds of the way through the work. The section that 
follows is entitled “Towards a social psychology of the factory’. After 4 


1. Earl of Halsbury, ‘Automation—Verbal Fiction, Psychological Reality’, Impact, Vol. VII, No. 4 
December 1956. 
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‘factual review of various experiments and studies towards better sociological 
“organization therein, three aspects of a single reality emerge, namely the 
‘need for integration, liberation of energies and ‘joy-in-work’ (joie au travail).' 

What follows is the most humanly interesting part of the book, as the 
author progressively declines to approach that social anthropological climax 
to which, from the scientific angle, everything seems to be leading up. One 
can postulate the sort of conclusion Ruth Benedict or Margaret Mead would 
have written or at least tried to write. One expects something of the kind— 
even if idiosyncratic—from Friedmann. Instead he breaks off to return to 
his studies and to write a sequel in due course. One is thus left with the 
closing impression of a slightly defeatist humanism tinged with a left-wing 
attitude.” 

Now humanism is an excellent guide to conduct in the absence of scientific 
knowledge. It is not however a substitute for it. For this reason Friedmann, 
who has hitherto guided us valiantly through the jungle as leader and 
explorer-in-chief, suddenly diminishes to the status of a slightly bewildered 
fellow-amateur: another specimen of Homo Fragmentatus in search of— 
what? One of his quotations from and comments on Otto Lippman is a good 
illustration of the point at which he hands over the lead to others. 

“The worker does not believe in a community between himself, the 
employer and the supervisory personnel; he considers the idea a booby 
trap.” The practical limits of the effect of the human relations movement 
seem to emerge from these remarks.’ (p. 370, my italics.) 

It is not that Friedmann is unaware of what is wanted, for in his con- 
clusions he writes explicitly ‘. . . Industrial psychology openly avows its. 
impotence in this field and emerges into sociology’ (et débouche en pleine 
sociologie) (p. 377). And again ‘. . . The industrial development of the 
West during the last century must also be considered from the point of view 
of the social anthropologist if one would judge fairly of the results of 
mechanization. One expression of man’s technical genius disappears over 


1. Joy-in-work seems to overstate (in English at any rate) what it might be better to call job-satisfac- 
tion. ‘Joy’ is a very strong word in English, as Freude is in German; it denotes a transient climax, 
not a maintained condition. The artist, the lover, the mystic may occasionally experience it, but 
do not regard it as a normal state. Consider, for instance, the inability of the English to render 
joie-de-vivre into their own tongue, for which reason they have adopted it as a colloquial gallicism. 
No one could suppose other than by romantic exaggeration that the eighteenth-century craftsman: 
contemplating his handiwork normally felt the transcendental Freude of Beethoven’s Ninth Sym- 
Phony. 

2.A characteristic remark less left-wing than old-fashioned will perhaps illustrate this temptation: 
‘When the specialist is consulted by a factory management he must first prove to it that such job- 
fotation (a measure often difficult of realization technically) “pays”. So this is rarely introduced 
and yet more rarely retained.’ (p. 381-2.) 

I should think it very doubtful if a modern progressive management would interpret the word 
‘pay’ in a-marrow monetary sense. Within reason it would be prepared to adopt the procedure as 
a calculated cost, if it led to real improvement in worker-manager relations. Left-wing references 
elsewhere, such as to ‘a bourgeoisie which has exhausted its energies and is increasingly cut off 
from reality by its own rhetoric’ (p. 397) constitute similar lapses from scientific objectivity. They 
are not frequent enough for the general character of the work to be affected by them, but it would: 
have been improved by their omission. 
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the horizon, but before our eyes another is being born’ (p. 395), Having 
thus stated his conclusions unambiguously, he appears to have no intention 
of pursuing the matter further, leaving his subject at its débouchement ep, 
pleine sociologie. Since however the matter cannot be left there indefinitely, 
let me postulate the type of research which might throw light on our Manage. 
ment problems where they become sociological; and by throwing light on 
them, modify our attitude to them and (since they are problems of attitude) 
thereby contribute largely to solving them. 


WORKER AND BOSS 


Let us be honest and call them so, since that is what they are and how they 
think of themselves. Let us also acknowledge that as archetypes it is what 
they always will be, disguise the relationship as we may. Consider in this 
context two assertions for comparison with one another: (a) Every man 
serves and is served by his neighbour; (b) Every man exploits and is exploited 
by his neighbour. 

The objective material situations arising from these two descriptions might 
be identical; but their subjective aspects must be utterly different. They 
represent the difference between play and work; the factor responsible for 
the difference is the element of compulsion. The physical toil of mountaineer- 
ing is more severe than that involved in coal-mining. In bad weather the 
conditions may be far worse. If the normal accident rate per man per week 
were as high in mining as in mountaineering, there would be a public outcry. 
Yet mountaineering for which one pays is acceptable play, while coal-mining 
for which one is paid is unacceptable work. The element of compulsion is 
the responsible factor. 

As between worker and boss, there can be no comparison in this respect. 
If the worker takes a day off to see a football match, that is absenteeism. 
If the boss takes a day off to go to Ascot, that is—what? A personal and 
quite legitimate accommodation of his duties to his leisure. It is useless to 
present the compensating factors: that the worker is protected against exces- 
sive overtime and the boss is not; that the worker is guaranteed his holidays 
without interruption, while the boss is ever at the mercy of a telephone call 
and must abandon his holiday, his leisure, his hobby and even his sleep 
at the behest of each passing crisis in the affairs of his concern. All these 
assertions are perfectly true—and quite irrelevant. The worker is under 
compulsion and the boss is not. In a relative sense, and subject to 4 
qualification made below, one is working and the other is playing (playing 
very hard and conscientiously, no doubt, but still playing). One is bond and 
the other is free. And the reason why they always must be so lies simply 
in numbers. ‘The worker in a large organization is one out of hundreds or 
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thousands. He can only work while the others work; they can only work 
while he works; a thousand men cannot arrange their working conditions 
to please themselves haphazard; they must be under compulsion to attend in 
the same place and time; that is why absenteeism is serious. But there is only 
one boss. Within wide limits he (or his secretary) can fit his work and his 
leisure into an acceptable pattern whereby he can have the day off for Ascot 
if he so desires. As mentioned above, this picture is subject to a qualification. 
[ have treated worker and boss as polar opposites. In fact they merely lie 
at extremes of a range. In terms of this range, it would therefore be more 
correct to say that, as the managerial hierarchy is ascended, we find an 


_ increasing measure of personal freedom as the endowment of a diminishing 
' number of individuals. 


The factory group accordingly tends to split into two mutually hostile 
sub-groups based upon entirely different attitudes to their activities: the 
workers who think of themselves as labouring under compulsion, and a 
managerial class involved in a complicated activity, part work, part game, 
often exhausting but usually fascinating and relatively well remunerated. 
This is in my view the psychological reality behind ‘labour trouble’, the 
source of its psychic energy. Its analysis ought to be the inspirational core 
of industrial psychology. It seems typical of industrial psychologists that they 
sheer away from this study into a humanism which places the whole problem 
on a less awkward and ambivalent plane. 

Guilt, anxiety, and aggression permeate the whole subject. These are 
frequently manifest as vicarious indignation and guilt for the injustices of 
the past. The Peterloo massacre and the Tolpuddle martyrs are psycho- 
logically more real to many than conditions of employment in a modern 
factory, and curious inversions of attitude accompany these manifestations. 
Scions of the managerial class may become labour agitators, their sense of 
guilt transformed into aggression, while self-made men may exhibit symptoms 
of guilt evoked by the behaviour of their economic but not physical ancestors. 

Any attitudes we may adopt when faced with this problem have therefore 
a strong emotional or even neurotic component, one consequence of which 
is a distrust of our own ostensible integrity when making even simple asser- 
tions. One such assertion is that there is a large component of inevitability 
in the situation from which the basic problem stems. Caught between 
workers’ anxiety-feelings and managerial guilt-feelings, this fact is hushed 
up, becoming the skeleton in the cupboard to which it is tactless to refer. 
Here lies the relevance of the quotation from Susanne Langer given above. 
Divorced from external nature, and knowing her only as something internal 
connected with the subjective realities of birth, nutrition, mating and death, 
Homo Fragmentatus is psychologically unprepared to admit that situations 
arise Outside his power to control. 

A current perversion of the welfare state philosophy will serve to illustrate 
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this point. The underlying theme of this philosophy is based upon the practice 
of insurance, the statistical sharing of inevitable hazards so as to spread 
their individual and temporal incidence over the community and over time 
Thus, being insured, you can if you break your leg share the cost with yoy 
neighbours who have not broken theirs. You can share the cost, but yoy 
must bear the pain. To imagine, as some appear to, that life could fy 
otherwise is to indulge vain dreams. It seems equally inevitable that remunem. 
tion and personal freedom will increase as the managerial hierarchy jg 
ascended. However open the road to the top is kept by educational endoy. 
ments, the great majority will never in fact ascend it. In what fashion are the 
individual members of this statistical majority to swallow their disappoint. 
ment? When men have been as fair to one another as life permits, th 
individual must accept its residual hardships with as good a grace as he cay 
muster. 

How does management react to this situation? Manager and worker have 
been referred to in terms of play and work, using mountaineering and minin 
as examples. Let it not be forgotten that the mountaineer, because of a 
change in weather or a mistaken route, may find himself in a position wher 
he can go neither forward nor back. What started as play may finish asa 
desperate struggle for existence. Management is in much the same position, 
A refractory labour situation can drive it desperate, especially when all that 
can be done has apparently been done. The workers nowadays are givena 
clean, well-lighted, well-ventilated, noise-free environment. Industrial physio- 
logists and psychologists control their conditions of employment. Factory 
welfare centres, hospitals, maternity homes, sports centres and clubs cater 
for their social needs. They enjoy high pay, a 40-hour five-day week and an 
annual holiday with pay. And yet it seems to management that all thes 
improvements are taken for granted—accepted sometimes, it seems, ut 
graciously, as no more than the workers’ due—while the goodwill they ought 
to establish seems to evaporate at the touch of a single trouble-making 
shop-steward, and any trivial mistake by management seems sufficient to 
convert the factory into a hive of irritated bees or a nursery of sulky and 
irresponsible children. 

“What more can we do?’ ask the managers. ‘Tell us, and we’ll do it, evenif 
it means yet another time-consuming joint consultative committee.’ There 
is nothing more that enlightened management can do along physiological o 
economic lines. Physiologically good conditions of employment are no more 
than any man’s due. Wage rates, regarded as a bargain struck between 
willing buyer and willing seller, are not a cause for gratitude but an acknow 
ledgement of value. Neither can be expected to compensate for factors which 
have an entirely different dimension. If management is to do more, it 
thoughts must proceed into domains that are relatively neglected. 
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THE.CHALLENGE TO INDUSTRIAL PSYCHOLOGY 


| If industrial psychology is to make any contribution to this situation, it must 


become more explicity anthropological in its approach. We have four sets 
of explanations to furnish: (a) of the worker to the boss; (b) of the worker 
to himself; (c) of the boss to the worker; (d) of the boss to himself. 

For half a century we have been making scientifically objective studies of 
the worker with a view to giving the boss an authoritative picture of his 
needs. The findings of industrial psychology in this context have been largely 
accepted into the corpus of established practice by the best employers. 
Further concentration upon only one out of four subjects is likely to be 
unrewarding. So far as the worker is concerned, we have only explained 
him to himself as a by-product of our activities in explaining him to the boss. 
Our explanations have been assimilated best where they are physiological, 
and least where they are psychological. Getting the worker to see himself 
objectively is a target that has not yet been attempted. 

Studies of boss-mentality are still more meagre. We tend to think of him 
in terms of polar opposites. At one moment he is a pantomime ogre in the 
wings, at another a philanthropic eccentric in the manner of Robert Owen 
and Jan Bata. A harrassed man whose play has turned sour on him, torn 
between the implementation of a government policy designed to procure 
disinflation, the wage claims of workers whom, so far, inflation has suited 
very well, the rights of shareholders, and his professional conscience as the 
exponent of organizational technique, he is lost sight of at the point where 
he disappears into hospital with a duodenal ulcer! 

If they are to speak with scientific authority on these matters, industrial 
psychologists will have to show many qualities. It will require courage to 
insist that the problem matters. It will require research of a high order to 
investigate it. It will require much tact to initiate any investigation at all. 
The mind has an intrinsic resistance to self-exploration, and managers will 
be in a position to give effect to their resistance. It is one thing to ask the 
office boy, as one of hundreds of anonymous individuals, to fill in a question- 
naire on what he thinks of the managing director; it is quite another thing 
to ask the obviously identifiable managing director to publish what he thinks 
of the office boy. But until the light of scientific objectivity is turned uni- 
formly on all, we shall never be in a position to reach the kernel of the 
problem which disrupts our society, namely, that authority over workers 
who are in a measure unfree is concentrated in individuals relatively more 
free as the managerial hierarchy is ascended; that in some sense this must 
always be so; that management is reluctant to concede the first point, and 
the workers equally reluctant to concede the second. 

This is a programme for long-term fundamental research. It cannot be 
proved that it will provide us with knowledge that we can apply. One can 
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only express the faith of a scientist in two propositions: namely, that knoy. 
ledge must be won before its relevance can be established, and that wher 
a large gap in knowledge is known to exist, one should seek to fill it in th 
hope (usually justified) that the knowledge will prove relevant. 

In the meantime what palliatives remain? In the first place, conditions of 
employment in industry vary considerably. By no means all concerns measur 
up to the level of the best, a level which is conceptually always on th 
advance. Since mal-employment attracts all the psychic energy latent in the 
basic situation of the free versus the unfree, its progressive alleviation wil 
prevent tension rising, though the tension will transfer itself to other objectives 
rather than dissipate: the homogenizing of industry in respect of its map. 
agerial techniques is accordingly a worthy aim to pursue, though its fin 
state will resemble its initial state in so far as both will be continuous spectra, 

A second objective concerns managerial attitudes. It must be recognized 
that psychologists have established the connexion between anxiety and 
aggressive behaviour. If, notwithstanding friendly efforts, managers find that 
workers remain distrustful and aggressive, they must under no circumstances 
collapse into resentment or defeatism but rather acknowledge that thes 
manifestations draw their energy from a reservoir of unresolved anxiety. 
In particular, troubles must not be pinned on to trouble-making shop- 
stewards. The latter are symptoms, not causes. They create no psychic 
energy; they merely exploit energy already waiting to be tapped, energy 
all the more disruptive in its effects because it is rarely acknowledged for 
what it is. 

Thirdly, empirical attempts to promote freedom-at-work should be ex- 
plored more thoroughly than hitherto. Money is not the only incentive in 
life. Alternative satisfactions need examination; for example, blending task 
and piece-work so as to enable workers to knock off early on completion 
of the task in fine weather, or alternatively to work longer and earn mor 
piece-money in wet weather, and so on. 

Fourthly, technical progress should be watched for signs of anything that 
would alleviate environmental conditions the amelioration of which is a 
present beyond us—the monotony of the sub-divided repetitive task and 
of the assembly line. One such possibility is referred to by Friedmann in 
his chapter on automation, though on a short view of the matter I cannot 
share his optimism. I have explained previously! however that on a lon 
view he may be right for a more general reason than he adduces. 

Above all things, we must be on our guard against miscalculation, ani 
be ready to introduce corrective factors in unforeseen situations before thos 
situations deteriorate. The trend towards automation must involve an increas 
in general synchronism between one worker and another. It would thus & 


1. Impact, Vol. VII, No. 4, December 1956. 
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possible to displace stresses arising from the monotonies of the sub-divided © 
repetitive task and the assembly line on to maintenance engineers responsible 
for the upkeep of the transfer line and the automatic assembly units. Even 
though the average intensity of stresses were reduced as a result of the 
transformation, only a compromise solution could be claimed in such circum- 
stances. This is a field where every solution is perhaps a compromise solution, 
but intelligent anticipation can at least give a choice between the better and 
the worse. 
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A few months ago, on the twenty-fifth anniversary of the establishment ; 
the Institution of Works Managers in the United Kingdom, Lord Halsbuy 
Director of the National Research Development Corporation, aroused key 
interest among his listeners by speaking of the part which ‘industrial mat. 
matics’ have to play in the management of industrial concerns. However, 
term ‘industrial mathematics’ would appear too narrow, for what is reall 
involved is a whole group of combined mathematical methods which, owi 
to advances in electronic computors, are likely to revolutionize the 
niques of management—not only in business concerns but in all kinds 
social organizations and activities. 

The new advances are mainly due to the growing complexity of m 















enterprises and to a determination to use the experimental method. In f _ 
the work begun by F. W. Taylor and his successors is being carried on at of the 
ever-increasing speed. Just as Taylor’s famous book, The Principles besten 
Scientific Management, published in 1911, introduced the scientific me Thi 
into the organization of labour, so the application of this method to that, a 
search for the best forms of organization and the art of decision-making ¥ theory 
bringing about a complete change in management techniques. atin 


Certain aspects of this evolution have already been reviewed in Imp 
and need not be discussed here.'! The main purpose of this article is to thro 
light on the actual scientific process, as applied to the problems of ~ ORGAN 
and supervising a complicated organization. As a corollary, a brief accou 
will be given of the mathematical tools involved. 


1. See ‘Social Applications of Operational Research’, by R. T. Eddison; and ‘Economic a | ' 
through Control-System Engineering’, by Arnold Tustin, Impact, Vol. IV, No. 2, Summer 1953. 
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THE CONCEPT OF MEASUREMENT 


An American scientist, J. A. Wheeler,’ recently summed up the scientific 
method in seven key-terms, namely: unknown knowable, grapple, measure, 
analogy, correspondence, complementarity and the high and the low. How- 
ever, whilst in physics the process is now sufficiently advanced to merit such 
a description, in social and human sciences—and we include in that field the 
jomy aii science of organization—it is far less so. In practice, we are only just 
t Chav} aching the third stage, and it is principally with that stage that we shall 
rsities o| deal in this article. The first two, i.e. the belief that every mystery can be 
solved in time, and the determination to seek, and to go on seeking, despite 
setbacks, are certainly characteristic of the attitude of all true scientists. On 
the other hand, it is still too early to talk of the principles of analogy, cor- 
respondence and complementarity or of the fact that trifling causes may have 
\ far-reaching effects—i.e. Wheeler’s last four key-terms. 

It is therefore only on the basis of the third principle—the determination 
| touse methods which will enable the various characteristics of the phenomena 
studied to be measured quantitatively—that a beginning can be made with 
| a specific assessment of the progress achieved in the last few years. However, 
the type of phenomena in question is a rather special one, for it involves 
human behaviour as well as purely technological factors. This means that the 
idea of a goal to be attained, in some form or another, always underlies the 
behaviour observed. 

Looking at it from the biologist’s point of view, the research conducted 
by scientists such as W. R. Ashby,” R. Bush and F. Mosteller> gives an idea 
of the new approach. In considering the organization of human activities, 
however, it is perhaps more important to take the economist’s point of view. 

This matter deserves closer investigation. Incidentally, it will be observed 
| that, as in physics, the very idea of measurement implies that of explanatory 
theory or ‘model’ of the phenomenon studied, which then enables the theory 
to be used for planning and action. 











= ORGANIZED DECISION-MAKING 


Any complex undertaking is based on a given framework, and every person 
with responsibility within that framework has a certain power of decision- 
making, depending upon his seniority. A decision, however, means a choice 
between several courses, which implies that the person concerned has access 





See ‘A Septet of Sibyls’, by J. A. Wheeler, Report of the Fifth Conference of the Association of 
Princeton Graduate Alumni, 30 and 31 December 1955. 
2.W. R. Ashby, Design for a Brain, London, 1952. 

953. 3.R. R. Bush and F. Mosteller, Stochastic Models for Learning, New York, 1955. 
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to a certain amount of information and acts in accordance with cera | 
criteria. 

To illustrate this point, let us take the behaviour of a very simple economi, 
organization, namely that of a licensed wholesaler at Les Halles, the centy 
Paris market, who obtains fruit and vegetables from the provinces daily, 
sending his own 5-ton lorries to fetch them. Let us suppose that this whok. 
saler is equipped to collect, store and sell a given tonnage every day (5 ton 
of fruit and 5 tons of vegetables, for instance), but never builds up any 
stocks, and on the other hand, let us assume that he can buy and gj 
without difficulty up to the amount of 5 tons of fruit and 5 tons of vegetables 
Every day, the average price of fruit and vegetables, both in the province 
and in Paris, fluctuates and it is assumed that the wholesaler knows exactly 
what the corresponding prices are, that is to say: p, = the average price of 
5 tons of vegetables in the provinces at the producer’s; py = the averag 
price of 5 tons of fruit in the provinces at the producer’s; P, = the averag 
price of 5 tons of vegetables at the central Paris market; P; = the averay 
price of 5 tons of fruit at the central Paris market. 

The wholesaler must, of course, also take operational costs into consider. 
tion. They are as follows: K,, = his regular, daily installation and equipment 
costs (rent, depreciation of the lorries, etc.); K, = the additional regula 
cost entailed by having to keep his stall in working order on a given day 
(wages of porters, for example); K, — the cost of having to fetch the. 
vegetables the same day by lorry, taking account of the distance (drivers 
wages, petrol, oil, etc.); Ky = the cost of having to fetch the fruit the same 
day by lorry. | 

In the light of these data, the wholesaler has to choose daily between th 
following courses: to fetch 5 tons of vegetables and 5 tons of fruit, or perhap 
only 5 tons of vegetables, or only 5 tons of fruit, or even not to fetch anythin 
at all. 

It is assumed that the wholesaler is guided in his choice by a desire to 
make a maximum profit. He therefore has to choose between four possible 
courses of action, yielding the following results: 

if he does not send for anything, the result is — K,,; 

if he only sends for vegetables, the result is P, — p, — K, — Ky, — Kw: 

if he only sends for fruit, the result is P; — py — Ky — K, — Kn; 

if he sends for both fruit and vegetables, the result is: 

P, + Py — py —py — Ky — Ky — K, — Kn. 
The wholesaler might make this calculation every day and decide accord 
ingly. He might, however, also decentralize the organization of his busines 
by making his lorry drivers specialize in the collection of vegetables or fruit, 
and leaving it to them to decide by themselves every day whether to go 0 
not, provided that they inform him of their decision. The wholesaler merely 
reserves the right to close down completely for the day if he feels that th 
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operations as a whole are not financially worth while. In order to ensure 
coherence in this system, it is enough for each driver to have certain 
information and definite instructions to guide his choice, given to him by 
the wholesaler once and for all. The latter can then rest assured that the 
final result, as far as profit is concerned, will be exactly the same as if he 
had taken all the decisions himself. 
In the present case, it will be readily inferred that the instructions which 
should be given are the following: 
1. For the driver specializing in the transportation of vegetables, if the result 
of the expression P, — p, — K, is positive, he should get on his way, 
unless his employer decides to the contrary. If it is negative, he should 
not move. If it equals nought, he should await the wholesaler’s decision. 
2. For the driver specializing in the transportation of fruit, if the result of 
the expression Py) — p; — K, is positive, he should get on his way, unless 
his employer decides to the contrary. If it is negative, he should not move. 
if it equals nought, he should await the wholesaler’s decision. 
The wholesaler, for his part, works out the expression: 
P, — Pv — K, + P, — py — K, — K, 
in which P,, — p, — K, and P; — p; — K;, have a well defined value. These 
values are either positive or equal to nought; should they be negative, they are 


_ irrelevant. If the total sum is positive, the wholesaler instructs one or more of 


his drivers to make the trip. If it is negative, he closes down for the day. If it 
equals nought, he can do whatever he likes. The day’s profit is then the dif- 
ference between the value of the said expression and the regular cost Ky. 

Thus, whereas in the case of the wholesaler taking all the decisions him- 
self, he must know the value of all the variables of the problem, it is clear 
that if he gives his drivers the above-mentioned criteria to guide their choice, 
each person responsible (the drivers and their employer) has only to possess 
three items of information. It will also be noted that the movement of 
information is from the lower to the higher grades, but it is not until the final 
decision has been taken by the wholesaler that those responsible at a lower 
level can tell what they are to do ultimately, and that their decision itself 
assumes a well-defined value, equal to the part of the profit corresponding 
to the operation which they are going to carry out.! 

Thus, from the foregoing analysis, there emerges a theory or ‘model’ of 
the operations considered, and it is only in relation to this model that the 
evaluation which has to be made, either of the necessary information or of 
the profits, takes on its full significance. The key to the whole system is the 
concept of the final goal to be attained; in the present case, it is the maximum 
profit to be derived from the operations as a whole. Incidentally, it may also 


LS 
|. This example is a transposition of an example given by H. D. Mills in his article ‘Organized 
Decision-Making’, Naval Research Logistics Quarterly, Vol. 2, No. 3, September 1955. 
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be observed that this theory shows how costs should be computed. Contrary | tio 
to what is usually done, they should be computed in relation to the varioy; | the 
stages of decision, and not only at the stage of the finished product. 3 

By generalizing analyses of this kind, it is possible to distinguish between | #! 
the concepts of tactics and strategy. Before considering the matter from the des 
point of view of the organization of commercial undertakings, however, these  5P* 
concepts should be defined from the angle of the theory of games. pre 


STRATEGY AND TACTICS 


1. The quickest way to achieve this result is to trace a series of isochrone curves on the map, centred 
on the point which he wishes to reach and so arranged that each curve passes through points equ: 
distant (in time but not in space) from his goal. Once he has done that, the traveller has only to 1. See 
cut the isochrone curves at a right-angle, starting from the point where he is standing, and he Me 
will thus be certain to reach his destination in the shortest possible time. 


TH 
If towards the end of a game of chess, for example, a player can see exactly 

how to beat his opponent despite all the moves the latter may make, tha 4 
player has what is called a strategy. However, owing to the complexity of the | Bel 
game, that is generally impossible in the early stages, even if the player is| PO 
very experienced. Then, the players simply try to secure partial advantages| ™4@ 
by concentrating, for example, on taking a queen or a knight. In this case, 
the players are said to be adopting tactics. Somewhat similar is the case of pla 
a traveller who finds himself in open country in a region which he does not f¢ 
know, and tries to reach a point on the horizon as quickly as possible.) ™ 
Between himself and that point, there may be obstacles and places where © 
the going is difficult (rivers, marshes) and likely to hinder his progress. If he 1. 
has a detailed map of the region, he will be able to do some preliminary ' 
work, which will of course also take up some time. That work will consist 2." 
in calculating exactly from the map how long it will take him to go from é 
where he is to where he wants to be, trying various alternatives and selecting 
the one which will take him the least time. He will thus have worked out} 3° 
a strategy. 
On the other hand, if he has no map, he will make his way as best he can, | . 
taking account of the conditions in his immediate neighbourhood, which he The 
knows exactly, and proceeding in successive stages. He may thus be said | anc 
to be adopting tactics, for he does not consider the situation as a whole, but art 
only consecutive parts of it, using his best judgement in each case. It wil, ) ™! 
moreover, be realized that the extent of the horizon which the traveller I 
without a map can in fact take into account, and the flexibility with which) ™%* 
he can readapt his various decisions when he realizes that he has not, after ma 
all, taken the best route, are the factors which enable him to come nearest ther 
to the strategy which he would have adopted, had he possessed full informa} ™ ' 
nee 
rese 
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tion. In some simple cases, it can be proved that strategy and tactics come to 
the same thing, but that is not true as a general rule." 

From a mathematical point of view, classical methods of computing 
variations are quite often sufficient for the solution of problems such as that 
described above. Such methods may, indeed, serve as an introduction to the 
special mathematics with which we are concerned here. They very soon 
prove ineffective, however, and new tools, better adapted to the types of 
problem met with in studying human behaviours and undertakings, have 


to be used. 


THEORY OF GAMES 


A book published in 1944 and entitled Theory of Games and Economic 

Behaviour by J. von Neumann and O. Morgenstern marked a decisive turning- 

point in this respect. However, the ground had already been prepared by 

mathematicians such as E. Zermalo and E. Borel. 

Very generally speaking, the characteristic feature of a game is that it is 
played by a certain number of players, who are faced by a series X of 
factors representing all the moves which they might sooner or later consider 
making. The game as such is a structure built upon that series X and 
composed of three unalterable elements: 

1. The information, more or less accurate, which the player has of the state 
of the game when it is his turn to play. 

2. The rule that, throughout the game, there is a certain set of moves E (x), 
corresponding to the state x of the game, from which the player has to 
choose. 

3. The player’s ‘pay-off’, an unknown quantity until the end of the game and 
analogous to a sum of money which the player will receive if the pay-off 
is positive and pay out if it is negative. 

There is in fact a close similarity between the elements of this abstract theory 

and the structure of problems such as that described at the beginning of this 

article. In both cases, the preponderance of the concepts of information, 
rule and pay-off is striking. 

Here, the crux of the matter is to know how to construct appropriate 
models and this point is generally little understood, either by managers or by 
mathematicians called upon to work on abstract concepts. The gulf between 
them must obviously be bridged if the experimental method is to be applied 
in the field of organization. A new type of research worker is therefore 
needed, a fact which is borne out by the present expansion of operational 
research. 

A parallel can, moreover, be drawn between the physicist’s work and that 


1.See ‘A Tentative Classification of Goal-seeking Behaviours’, by M. P. Schiitzenberger, Journal of 


Mental Science, Vol. 100, No. 418, January 1954 
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of the constructor of economic models by developing the idea mentione 


above, namely that the very concept of measurement implies that of » 
explanatory theory or model. 

The model which the research worker endeavours to construct in orde, 
to explain a specific phenomenon has a function similar to that of the lay 
in the sphere of physics. Through that model, he can first of all define 
methods of measuring the variables which occur in the model and attach 
numbers thereto. Then, if it is satisfactory, this model should be checked 
against the phenomenon when it recurs. It is thus possible to speak of 
prediction, but it must not be forgotten that prediction presupposes q 
satisfactory model and a recurring phenomenon. The model can also tk 
used indirectly for action, even if it is relatively imperfect, for it shows on 
what parameters to operate in order to bring about the desired changes. On 
the basis of the results achieved, the model can then be improved and 
rendered increasingly useful for action. Such are the general lines of the 
scientific process as applied to the sciences of organization. It can, moreover, 
be illustrated by a few simple examples which will serve to emphasize the 
various aspects to which attention has been drawn. 

Let us suppose that helicopters are required for rescue work in a specific 
region. Since helicopters are fairly strong machines, able to stand up to bad 
weather, and do not require large ground installations, they can be treated 
like lorries and installed more or less anywhere in the region needing protec- 
tion. However, for reasons of maintenance, comfort of the pilots, centraliza- 
tion of equipment for the transmission of messages, and so forth, it is not 
possible to have a great many bases. To begin with, when only a few 
helicopters are available (because such machines are very costly), the question 
may arise whether it would be better to have only one base or two bases 
for the whole region. In the latter case, the region has to be divided into 
two zones (say, zones S and K) and each base will concentrate on serving 
one zone, although it may also serve the other, should the helicopters of the 
region be needed for large-scale rescue operations. 

If there are two bases, the helicopters will of course reach the place of 


rescue far more quickly and that is an advantage which may be conclusive } 


in deciding on decentralization. 

To study this problem scientifically, a model may be constructed in the 
following manner. Firstly, it may be assumed that there is very little like- 
lihood of the helicopters having to carry out more than two rescue operations 
on the same day and that, if there are two zones to be served, they will be 
divided up in such a way as to ensure that there is never more than one 
operation a day in each zone. These are assumptions which can easily be 
confirmed or refuted. They may apply, for instance, in normal conditions 
but not when there are gales, and the model which is satisfactory for normal 
conditions will not be as satisfactory in times of high wind. 
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In normal conditions, study can be confined to four events likely to happen. 

any day: 

an operation in zone S, but not in K (case SK); 

an operation in zone S and another in K (case SK); 

no operation either in zone S or in K (case SK); 

no operation in zone S but one in K (case SK). 

The whole of the operations undertaken by the helicopters of the region may 
thus be compared with a game in which nature has four possibilities (SK, 
SK, SK or SK), and the person in charge of the rescue operations for the 
region has two, namely, to establish a single base (possibility No. 1) or to 
establish two bases (possibility No. 2). 

This way of presenting the problem is really a method which makes it 
possible to define and measure its essential variables, i.e. the probabilities 
of events SK, SK, SK and SK. These probabilities are, moreover, conditional 
probabilities which can be determined on the basis of the absolute pro- 
babilities y, and y,, that a rescue operation might be needed respectively in 
zone S and zone K on a given day during the period under consideration. 
Assuming that these absolute probabilities are independent of the day con- 
cerned, the result will be: 

Ns nk 


"o=— i 
‘ 


& ’ if 


T T 


n, and n, being the number of operations in each zone which will have to be 
carried out during the period concerned and T the number of days in that 
period. 

It should be noted that these definitions would not be correct in cases 
where the probabilities of having more than one operation a day, in each of 
the two zones, were not nil. Hence the importance of a well-defined model if 
one wishes to make measurements and give a numerical value, for example, 
to probabilities v, and y,. Here, we meet once more the principle—mentioned 
earlier—that theory is indispensable to measurement. 

On the basis of probabiities y, and y,, the conditional probabilities of 
events SK, SK. SK and SK can be defined as fo!lows: 

prob. SK = vy, (1 — yx) 

prob. SK = yy, - ¥x 

prob. SK = (1 — y,) - (1 — yx) 

prob. SK = (1 — y,) - Yx 
and the sum total of these probabilities is naturally 1, since the theory covers 
all possible cases. 

If the construction of the model is to be continued, the first step is to 
determine the probabilities of the success of the operations corresponding 
to the six couples of possibilities (No. 1, SK; No. 1, SK; No. 1, SK; No. 2, 
SK; No. 2, SK; No. 2, SK), where each of the three events SK, SK and SK 
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is associated with each of the two possibilities: No. 1 (one base) and No, ) 
(two bases). It may be assumed that these probabilities depend principally oy, 
(a) the time of arrival of the helicopters at the place of rescue, taking . 
count of the time when it would have been too late to carry out the rescy 
(b) the ratio of the number of helicopters available to the number of hej. 
copters which would have been necessary, taking account of the scale of th 
rescue operations to be effected. 

The six probabilities mentioned above, once defined, can be used jp 
calculating the probable efficacy of the corresponding operations. They couli 
indeed all be expressed in the form of indexes based on a selected standari 


of efficacy. 
Lastly, account should also be taken of the last two couples of poy 


sibilities out of the eight, i.e. the couples (No. 1, SK; No. 2, SK) corresponé. 
ing to the eventualities of there being no operations, on a given day, either 
in zone S or in zone K. If, on such days, it is possible to carry out training 
operations or simply overhaul the helicopters so that they will be mor 
efficient on operations, these couples of possibilities also have some value, 
which one can try to express in terms of the standard of efficacy selected. 

The final table of eight indexes of average efficacy then makes it possible 
to assess the value of the two possibilities facing the person in charge of 
rescue operations in the region. Let us suppose that the computation give 
the following efficacy table, which is known as matrix: 








Events SK SK SK SK 
Possibility No. 1 5 4 4 3 
Possibility No. 2 4 5 3 6 





In order to know what possibility to adopt, all that is necessary is to compare 
the mathematical expectation of the efficacy in the two possible cases. If 
probabilities y, and y; are 1/4, for example, the probabilities of events 
SK, SK, SK and SK are 3/16, 1/16, 9/16 and 3/16 respectively, and the 
mathematical expectations of the efficacy are: 

where there is only one base: 

3/16 *¥ 5+ 1/16 X 4+ 9/16 k 4+ 3/16 x 3 = 64/16; 

and where there are two bases: 

3/16 kX 4+ 1/16 X 54+ 9/16 Kk 3 + 3/16 & 6 = 62/16. 

3/16 X 6 = 62/16. 

It is thus better to have only one base. 

On the other hand, if probabilities y, and y, are 1/2, the probabilities 
of events SK, SK, SK and SK all equal 1/4 and the mathematical expects 
tions are 16/4 where there is only one base and 18/4 where there are two 
bases. It is therefore better to have two bases. This result confirms the 
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intuition that it is better to have two bases rather than one when the average 
number of operations per unit of time tends to increase. 

This type of analysis also makes it possible to solve problems where the 
person in charge of the operations has to contend, not with nature (which 
does not think), but with an opponent who is systematically seeking to 
minimize the probable gain from the operations undertaken, whereas, the 
person in charge, on the contrary, is seeking to maximize his probable gain, 
despite his opponents efforts. If the interests of the two players are entirely 
opposed, this is known as a two players zero-sum game. In this case, the 
winnings of one player are always equal to the losses of the other, and vice 
versa. The question then arises whether there is a way of playing skilfully, 
which in the long run will enable one of the opponents to maximize his 
expected gains and the other to minimize his expected losses; this amounts 
to seeking the solution of the game. 

It has been proved that there are cases where the game has a ‘strictly 
determined’ solution and cases where there is no solution unless resort is had 
to the concept of ‘mixed strategy’. The solution is said to be ‘strictly de- 
termined’ when each player, if he wishes to behave rationally, must adopt 
precise tactics. This case can be illustrated by the following example.! 

A smuggler tries to outwit the police. He has a choice between two pos- 
sibilities or tactics, i.e. to follow the plain (No. 1) or to take the mountain 
road (No. 2). The police have three possibilities or tactics, i.e. (a) to keep 
all their men on the plain; (b) to keep part of their men on the plain and part 
on the mountain road; or (c) to guard only the mountain road, posting all 
their men there. Let us suppose that the computation produces the following 
table of results, contingent upon the six couples of possibilities. 








Tactics (a) (b) (c) : ne 
No. 1 null anil 5 a 
No. 2 2 1 1 1 
Maximum of 

columns 2 1 5 





The ‘maximum of columns’ line shows the worst that can happen to the 
police. The ‘minimum of rows’ column shows the worst that can happen to 
the smuggler. It will be seen that if the smuggler chooses possibility No. 2 
(mountain road), he can always gain at least 1, and if the police choose pos- 
sibility (b) (guarding both roads), they can always prevent the smuggler from 





See ‘The Uses of Game Theory in Management Science’, by M. Shubik, Management Science, 
Vol. 2, No. 1, October 1955. 
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gaining more than 1. In the absence of accurate information on the choice 
of the respective tactics, it is in the interest of both players to adopt the 
tactics likely to maximize the expected long-term gains and to minimize the 
expected losses, that is to say, the tactics just described. The game therefore 
has a ‘strictly determined’ solution. If the players diverged from those tactics, 
they would run the risk of incurring far greater long-term losses, especially 
if one of them managed to discover the other’s tactics beforehand. On the 
other hand, in adopting the above-mentioned ‘minimax’ tactics, the player has 
no need to fear that his opponent will discover his own tactics. 

However, there is not always such an obvious saddle-point. Referring, for 
instance, to the table of results of rescue operations by helicopters—and sup- 
posing that the opponent is not nature but a thinking enemy—it will be 
noted that the smallest of the maxima of columns is 4 and the greatest of 
the minima of rows is 3. Therefore, in contrast to the preceding case, there is 
no saddle-point. The person in charge of the operations can of course be 


' 
' 


| 


| 
| 


sure of gaining at least 3 and the enemy of not losing more than 4. There | 


is a margin of one unit, however, and one of the players might thus improve 
his position by discovering the other’s tactics. Now there is one sure way 
in which a man can hide the tactics which he proposes to adopt from his 
opponent, and that is by not knowing them himself right up to the moment 
when he takes a decision. This result can be achieved by simply drawing 
lots, but not just any lots. In fact, the theory of games shows that each player 
can choose the probabilities with which he intends to use his various tactics 
and it provides him with a means of determining those probabilities. The 
corresponding drawing of lots must therefore be such that it operates in 
accordance with those probabilities. 

In the case of the helicopters, for example, the person in charge of the 
operations should adopt his No. 1 tactics, on an average three times out of 
four, and his No. 2 tactics, on an average once out of four. Similarly, the 
enemy should use SK tactics, on an average three times out of four, and SK 
tactics, on an average once out of four, completely avoiding the other tactics. 
The probable minimum value of the efficacy is then 15/4 if the enemy 
plays the best possible game. 

These combinations of tactics supplying the solution of the game ate 
known as ‘mixed strategies’. They were discovered independently by E. Borel 
and J. von Neumann, but it was the latter who, in 1928, gave the first com- 
pletely satisfactory demonstration of the so-called ‘minimax’ theorem, which 
is the keystone of the whole theory. 
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LINEAR PROGRAMMING 


It has also been proved that the solution of a game of this kind is the same 
as that of dual linear programming, examples of which are given below!. 
It is therefore relatively easy to solve these problems and to make the cor- 
responding computations, even if there are a great many unknown factors, 
provided that electronic computors are available. 

It is this fact which, to a large extent, explains the developments to be 
expected from the application of mathematics to industrial problems, parti- 
cularly those of programming and production scheduling. 

Let us consider, for instance, the problem of maintaining and replacing 


_ aeroplane engines. After a given amount of flying time, engines should be 





sent to the works for overhaul; they are then returned to base to be used 
again. Further, provision must be made for the placing of new orders, with 
a view either to expanding the activities of the group of aeroplanes or to 
making good any losses. Programmes for the overhaul and purchase of 
engines have therefore to be established. Those programmes will differ, 
however, according to whether land transport (lorries or trains) or air trans- 
port or a combination of the two is used for the supplies. The possibilities are 
therefore endless. Fortunately, the linear programming technique makes it 
possible to arrive at the most favourable solution, having regard to the 
conditions imposed beforehand. It may be postulated, for example, that fast 
means of transport make it possible to shorten the period of absence of 
the engines, so that smaller stocks can be maintained. But such transport is 
more costly. What must be sought, therefore, is the least expensive combina- 
tion of the three activities, namely, fast transport, slow transport, and 
purchase of new engines. For example, if only fast transport is used, the 
purchase of n engines has to be anticipated. It is a fact, however, that the 
number of engines to be transported by air can be diminished by the use of 
land transport, without increasing the number of engines to be purchased. 
In one particular case it was found possible, without having to increase 
purchases, to reduce the number of engines transported by air by 75 per cent. 

This example shows clearly that the problem of programming is an es- 
sential part of a study of planning, operation and supervision of complex 
organizations. We can quote another example of this, drawn from industrial 
experience but relating to the problem of programming from the point of 
view of production scheduling. 

Let us consider a problem of scheduling involving the manufacture of n 
different parts by m different machines, each part having to be made in a 
given order on the m machines. The aim is to establish a production pro- 


ee 


1. See ‘Linear Programming and the Theory of Games’, by D. Gale, H. W. Kuhn and A. W. Tucker 
in Activity Analysis of Production and Allocation, by T. C. Koopmans, New York, 1951. 
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gramme designed in such a way that the total time spent on manufacturing 

is as short as possible. There are generally (n!)” programmes to be examined, 

and it is also necessary to know the individual manufacturing time require 
for each part, on each machine, for the purpose of singling out the be 
programme. It can be proved, however, that it is possible, even if thoy 

manufacturing times are not known, to reject most of the programmes , 

priori. 

In practice, the programmes rejected are of two kinds. The first king 
consists of programmes which are logically impossible, i.e. which, technically, 
cannot be carried out. The second consists of programmes which, althoug, 
technically feasible, can certainly not be the shortest, whatever the individu 
manufacturing times required for the parts. Necessary and sufficient condi. 
tions for the rejection of these programmes can be found. A possible metho 
is binary representation, which enables the first two groups of programma 
to be weeded out systematically and can be used directly by computes 
Lastly, it can be proved that the best programme must be in the group ¢ 
non-eliminated programmes, and also that there is a certain distribution ¢ 
production times which renders optimum each of those programmes.! 

It is, moreover, generally true that the solution of a programming problem, 
linear or not, cannot be found directly, but calls for a succession of a 
proximations. However, the repetition procedure is systematic in the sens 
that it is based on two main principles : 

1. The existence of a mechanical rule which determines exactly, after each 
stage, what the next stage should be, having regard to the results of th 
previous one. This makes it possible to use electronic computers. 

2. The existence of a guarantee of an ever closer approach to the optimu 
solution and of the possibility of computing the maximum error cor 
responding to each stage. In the case of a linear programming problem, 
the solution may even be found exactly, after a finite number of stage 





Mention may be made of another problem, similar to that of production 
scheduling—the travelling salesman problem. Such a traveller, who aims # 
visiting all his customers in n different towns in the shortest possible tim 
and then returning to his starting-point, might well use a linear programmit} 
method to find out what solution he should adopt—always supposing, ¢ 
course, that he knows the distance between every two of the towns which it 
has to visit.? 

Another typical case in which linear programming techniques have beef 


1. See ‘A Non-numerical Approach to Production Scheduling Problems’, by S. B. Akers, Jr. a 
J. B. Friedman, presented to the Third Congress of the Operations Research Society of Ameria 
3-4 June 1955. 

2. See, for example, ‘Solution of a Large-Scale Travelling Salesman Problem’, by G. Dantii 
R. Fulherson and S. Johnson, Journal of the Operations Research Society of America, V0. } 
No. 4, November 1954; and ‘The Travelling Salesman Problem’, by M. Flood, Informal Semin 
in Operations Research, Johns Hopkins University, Seminar Paper No. 13, February 1955. 
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ysed successfully is that of oil refining. It is a well-known fact that modern | 
refining methods involve treating and blending a variety of refined products 
from different sources in order to obtain the products which are finally placed 
on the market. It is possible to determine the cost of manufacturing each 
intermediary product and to deduce therefrom the costs of the finished pro- 
ducts, according to the blend. To decide upon the most economical of all the 

ible blends is a problem which can very well be solved by linear pro- 
gamming methods.’ 


QUEUING PROBLEMS 


Another category of particularly important techniques is that used in the 
solution of congestion and bottle-neck problems, that is to say, problems 
involving queuing. It was a study of telephone systems that first led to the 
development of these techniques. The pioneer in that field was A. K. Erlang 
who, in 1908, undertook research for the Copenhagen Telephone Company 
on telephone connexions.* Since then, the progress of this theory has been 
due mainly to the British. 

Three types of problems lend themselves to. study by such methods: 
(a) problems relating to telephone connexions; (b) traffic problems (trains, 
cars, aeroplanes, etc.) ; (c) problems involved in the feeding and breakdown 
of machines. 

The main variables are generally the following (expressed in terms of 
users): (a) time spent in the queue; (b) number of customers in the queue; 
(c) ratio of average queuing time to the average time required to serve a 


') customer. 


With problems of this type, it is often noted that slight changes in the 


| organization of the service lead to big changes in queuing time, especially 


around the point when the average duration of service is more or less equal 
to the average time spent in the queue. This is due to the fact that the average 
value of the latter does not allow for moments when there are no customers 
waiting and no one is being served; the corresponding time is therefore 
imetrievably lost. For instance, in an organization where it is possible to 
serve exactly 10 customers an hour, but where the latter arrive at any time 
at an average rate of 10 an hour, it can be proved that the probability of 
having to wait comes near to 1 as the time passes; moreover, the average 
queuing time then approaches infinity.* 





1, See ‘Linear Programming solves Gasoline Refining and Blending Problems’, by Gifford H. Symonds, 
Industrial and Engineering Chemistry, Vol. 48, p. 394, March. 1956. : 

2.See Life and Works of A. K. Erlang, by E. Brockmeyer, H. L. Halztrom and A. Jensen, published 
by the Copenhagen Telephone Company, 1948. 

3.See ‘The Theory of Queues’, by Byron O. Marshall, Jr., in Operations Research for Management, 
Johns Hopkins University Press, Baltimore, 1954. 
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SAMPLING PROBLEMS 


Before bringing this brief survey to a close, mention should be made of th 
applications of statistics to industrial organization and management. They 
applications are very numerous and reference will be made here only to ty 
fundamental problem of the choice of the best sample and the correspondiry 
evaluation process when the primary aim is to secure information. Thi 
applies, for instance, to public opinion polls. 

Any evaluation based on a sample is bound to be vitiated by error. As, 
general rule, the error diminishes if the size of the sample increases, but they 
the cost of establishing and analysing the sample also increases. There ar 
methods whereby either the error can be reduced to a minimum in relaticy 
to the cost of the survey, or the cost can be reduced to a minimum, takin 
account of the acceptable margin of error. Of course, if the cost of the erro; 
itself can be assessed, it is better to try to reduce both costs to a minimum, 
i.e. that of the survey plus that of the error. It should also be remembered tha 
the inaccuracy of statistics sometimes makes it useless to expect too much 
accuracy in the results. Lastly, the aim of the survey should always be bor 
in mind and, whenever possible, the cost of undertaking the study should b 
weighed against the advantages to be derived therefrom. 

There are even cases in which the time needed to collect and analyse the 
information should be taken into consideration, if a decision has to be taker 
very quickly. 

It very often happens that a decision can be corrected when its first effect 
have been felt, because the additional information obtained in this wa 
enables a sounder judgement to be formed on the direction in which furthe 
decisions should be orientated. Here, again, we come upon the problem 
distinguishing between tactical and strategic decisions, referred to at th 
beginning of this article. This is a phenomenon similar to that of feedbacl. 

The concept of feedback is of growing importance in business management 
problems. Good management presupposes sound information, and moden 
methods of collecting and using information generally involve recourse 10 
the concept of feedback. The annual report on a company’s achievement 
may, for example, be enough for the share-holders. But the management has 
to employ more detailed methods, such as those of budgetary supervision, it 
order to rectify the operation of the business in good time. 

Similarly, in production scheduling problems, information channels ant 
methods of using the information collected must be established. All thes 
methods directly or indirectly involve the concept of feedback. 

It would appear, moreover, that the future of mathematics for manages 
lies in a synthesis of the so-called programming theories (linear, quadratic, etc) 
and ia a judicious use of the concept of feedback. Automation technique 
are developing along the same lines. The automatic factory of the future, 
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for example, will have to have a computer to establish programmes, which 
yill have to be constantly adjusted on the basis of information collected on 
the job, at the production level. In fact, this presupposes mathematical 
methods of ‘sounding the whole environment and discriminating ‘rationally’ 
petween the reactions of that environment. The new methods briefly described 
above will be indispensable in identifying and defining management and 
supervision problems and, hence, in speeding up the practical application of 
the new automation techniques. 
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TECHNOLOGY AND THE QUEST 
FOR MATERIALS 


by 
JOHN GRAY 


The author became familiar with the subject when he wasq 
senior research worker with PEP (Political and Economic 
Planning) in London, and acted as secretary to the study 
group of natural and social scientists which produced the 
PEP Report on World Population and Resources. He is now 
a member of the Department of Scientific and Industrial 
Research in the United Kingdom. 


An unfortunate feature of the controversy on population-resources is the 
readiness of both sides—optimists and pessimists alike—to oversimplify the 
problem. How quickly, they ask, is population likely to grow, and how fast 
will needs expand, especially if living standards continue to rise? And on 
the other side of the equation, what are the known or believed resources of 
raw materials, and how far are they like to be enlarged by technical changes 
now in prospect? Having answered these questions, they try to strike a 
balance between potential demand and potential supplies. 

Inquiries of this kind are useful preliminaries, but no more. They leave 


_— 
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several big questions untouched and beg as many as they answer. What, for | 


instance, are the known or believed resources of the world? Iron is thought 
to form 5 per cent and aluminium 8 per cent of the earth’s crust, but deposits 
at present economically workable are scarce and their days are numbered. 
Which yardstick should one choose—total resources or those economically 
worth getting? 

Again, how much should be allowed for technical change? Only a limited 
number of innovations seem certain, but the lesson of history is that techno- 
logy forms a chain-process, one development leading logically and inevitably 
to another. This view can be challenged; it is often argued that man is unwise 
to go on consuming materials recklessly in the face of impending shortages 
‘simply because the technologists have not yet let him down. But this argu- 
ment usually provokes the reply that shortages are merely a challenge to 
man’s ingenuity; they have been with him since the dawn of history, but in 
each generation he has met the challenge with increasing success—and never 
more successfully than in the last ten years. 

Now this kind of argument is at best inconclusive. The disputants stand 
less on facts and firm prospects—which are scarce enough—than on personal 
evaluations of chance and desire for security as motives in human existence. 
The prospect for technical change arises not out of some cosmic force beyond 
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man’s control, but out of economic factors that he should be able to master. 
Change implies research and development conducted by trained specialists 
who are not plentiful and, being human, often think in terms of material 
rewards. It also implies a substantial capital outlay on new plant and equip- 
ment, which can only be afforded by corporations with large funds. Thus all 
expenditure has an economic purpose; that on plant must provide a return 
on outlay fairly soon, though not necessarily at once, while that on research 
is usually confined to projects that look like yielding results in the longer 
run. Even pure scientific research at university level requires an economic 
sanction; the community must think it worth financial support in preference 
to, say, more hospitals, or better-paid policemen, or even research into 
other important topics. 


RECENT TRENDS 


In recent years the incentive to technical change has been unusually strong, 
owing to a rapid rise in the demand for materials by the industrialized coun- 
tries. The world output of eight leading minerals has risen by over 700 per 
cent in 70 years, while population has grown by only 70 per cent. Table 1 


TaBLE 1. Estimated world output of principal metals 








Year Iron ore — Copper® Lead? NickeP Zinc? Tin’ Silvers 
1880 40 —- 173 408 0.6 257 48 78 
1890 56 — 305 612 3 379 66 134 
1900 88 7 545 941 10 529 83 174 
1910 145 48 946 1 226 25 893 116 221 
1920 122 141 1 057 1 022 34 796 121 173 
1929 198 294 2 099 1 971 63 1 601 193 261 
1939 201 794 2 396 1 946 134 1 819 169 267 
War Peak 231 Zz 2 3 049 * 184 2 028 | 246 * 
1946 152 871 2 067 1 165 136 1 528 88 135 
1950 246 1 649 2 917 1 813 159 2 170 175 199 
1952 297 2 261 3 121 1 981 188 2 425 168 210 


Source: Minerals yearbooks. (Note: Some figures are revised from year to year and those given here 
may not square with the figures in earlier yearbooks.) 

1. In millions of long tons. 

2. In thousands of short tons. 

3. In thousands of long tons. 

4. In millions of fine ounces. 

* Output declined steadily during the war. 





shows that some old base metals, like silver, lead and tin, have not had 
anything like their share of the increase, while even iron output has grown 
only at the average pace. Zinc output has risen by slightly more than the 
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average, while that of copper has grown eighteen-fold. Aluminium, hardly 
produced before 1890, temporarily outstripped in production all meta; 
except iron and copper during the last war, and now looks like doing th 
same on a permanent basis. Nickel has also shown a spectacular rise jp 
production. There are equally striking figures for the newest alloying metals 
for example, six times as much molybdenum was produced in 1950 as twenty 
years previously. 

This expansion in the production of raw materials is the outcome of foy 
great developments in technology. First, many new deposits of strategic 
minerals have been found by intensified prospecting, especially in litt 
developed regions, and by using advanced techniques such as geophysical 
and geochemical surveys. Second, modern methods make it possible 
obtain more material from ores of a given grade, and less expensive ways 
have been found of extracting materials from low-grade ores, i.e. ores that 
are difficult to produce or process, or that contain little of the valuabk 
constituents Third, new materials like aluminium and plastics have com 
into being, and new uses have enabled old materials, like wood and agri. 
cultural waste, to be more fully utilized. Finally, the recovery of scrap 
metals has become a large industry. 

So, despite the enormous rise in demand during this century, supplies of 
raw materials have kept pace with the needs, except temporarily when 
demand has suddently and unexpectedly increased, as during the two world 
wars. Zinc offers a fairly typical example of what has usually happened. h 
1931, the estimated reserves gave only 22 years of supply at the existing 
level of consumption, and the pessimist could foresee a shortage in th 
near future. Twenty years later reserves were three times as great, partly 
because some previously known low-grade ores had become economic to 
work; but consumption had risen by only 65 per cent, so that reserves wer 
sufficient to last for 30 years at the higher rate of consumption. A few mined 
materials do seem to be comparatively scarce—for instance, lead, a few 
alloying metals, and that versatile substance, fluorspar. But even in the case 
of these scarce minerals the reserves are expanding and their life-span does 
not seem likely to dwindle in the near future. 

Indeed, the supply position is usually better than it looks, mainly fo 
three reasons. First, it does not pay mining companies to declare all their 
known reserves in regions where reserves are taxable. Second, they do no 
necessarily carry out detailed surveys of all the deposits in their concession 
areas until they are ready to exploit them, especially if some deposits have 
poorer ores than others. Third, many large deposits are not termed reserves, 
because they cannot be worked, nor the ores transported, economically by 
existing methods and at prevailing prices. But a rise in prices, an improve 
ment in technique, or the building of a railway may at any time make them 
worth mining. 
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THE MAIN ECONOMIC FACTORS 


Until now the course of materials technology has gone largely unplanned; 
that is to say, economic factors have at most times had full rein. It is true 
that some governments have made geological surveys in their own and 
dependent countries, especially in recent years, and these surveys have often 
indicated where useful mineral deposits may lie, and sometimes actually 
brought them to light. But detailed prospecting is done mainly by private 
agencies. It is also private concerns which—often with financial assistance 
from governments—extract minerals, develop new materials, and find new 
yses for old materials. And for them price has been the governing factor. 

It is now almost elementary knowledge that, as materials become scarce, 
their price increases, and substitutes gain favour. Efforts are constantly being 
made to reduce production costs and, if the price of one material increases 
because high-grade ores have become scarce, the producing companies try 
to win it more cheaply from low-grade ores, while at the same time manu- 
facturers of potential substitutes try to lower their own production costs so 
as to get a larger share of the market. For example, it was once economic to 
roof buildings with slate in most parts of Britain, since easily-mined and 
abundant deposits lay close to the sea, and the slate could be transported 
cheaply over long distances by boat. Today, outside the slate-quarrying 
areas, tiles of clay, concrete or asbestos are cheaper than slate, partly because 
they are cheaper to produce and do not have to be transported so far, but 
also because most of the easily-quarried slate has been used and the cost of 
its extraction tends therefore to rise. 

Similarly a growing scarcity of hardwood in relation to demand has led 
to the development of blockboard, plywood and chipboard as substitutes in 
the furniture trade. Perhaps the most significant of all examples is the dis- 
covery of how to ‘fix’ nitrogen from the air; it has assured an unlimited 
supply of nitrogenous fertilizers. This discovery resulted from a widespread 
fear that deposits of nitrates, mostly in Chile, would not meet the expected 
growth of world demand for fertilizers. 

The case of lead is more complicated—and more interesting. When prices 
tose between the wars, substitutes were widely sought, and in time lead 
began to disappear, in more senses than one, from the roofs of large 
buildings; soldiers of lead surrendered the nursery to soldiers of cheaper 
metals and eventually to soldiers of plastics. But it is still difficult to replace 
kad in the making of ammunition for small arms, or of plate for storage- 
batteries, linings for chemical tanks and glazes for ceramics—all of which 
are in growing demand. In addition, lead has gained an important new use 
since tetra-ethyl lead was found to raise the octane value of petrol and to. 
counter ‘knocking’ in automobile engines. Thus two opposite trends have 
been at work, one tending to lower the demand for lead as the metal became 
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scarcer, the other tending to increase the demand and to keep the pric 
rising steeply. At present the second trend seems to be the stronger. Ley 
production, after falling heavily during the war, has risen sharply in recey 
years, and now stands as high as it has ever been. According to the Pale 
Report,! this trend is likely to continue for some time. 

All this relates mainly to minerals, but the factors affecting supplies of 
agricultural raw materials are not very different. These take up less tha 
10 per cent of the world’s cultivable land, but the land on which they ap 
grown lies mostly in poor countries that badly need more food and contin, 
to produce raw materials, or even luxury food-stuffs for export, only as lon 
as this use of land is more economic than the production of staple food. 
stuffs. But if industrial development in these countries raises purchasin; 
power, and consequently the demand for food, food prices will tend to tix, 
and agricultural materials must either rise in price, or be produced mor 
efficiently, or cede hectares to food production. If there were vast reserva 
of land that could be cultivated more intensively, the position would bk 
different; but all the evidence suggests that the rate of land reclamation i 
much lower now than it was a hundred years ago, and without a revolution 
in technology—of which there is no sign as yet— it is not likely to rise again 
This factor also limits the prospect for materials like wool, rubber ani 
timber that are mostly produced on land unsuited to food crops. 

The problem of agricultural resources is well typified by textiles; naturd 
fibres are already in competition with synthetic yarns—cotton with rayon, 
nylon and terylene, and wool with ardil—and the most expensive of then, 
silk and flax, have already lost many important markets. At present tw 
opposite tendencies are at work. In the richer countries synthetic yarns ar 
gaining ground, mainly because they are superior in many respects to naturd 
fibres; and the cost per unit falls rapidly as production rises. In the poor 
countries the demand for clothing increases as urbanization spreads ani 
incomes rise, and those that grow cotton are tending to produce cotton goot 
cheaply themselves, thus forcing down the price of popular clothing in d 
countries. Until now synthetics have made relatively little headway in tk 
underdeveloped countries, but the picture would obviously change if the 
become cheaper in relation to natural fibres. 

This process of change is likely to continue as long as there is no mor 
national planning than at present. Some possibilities are already apparetl 
For instance, the U.S.A. already produces synthetic rubber on a large scat 





under subsidy, and has made it competitive with natural rubber for certal 
uses. If the price of natural rubber were to rise by only a small amount, th 
artificial product would be more widely used. A more important case is thi 


1. Resources for Freedom, U.S. Government, 1952, Vol. II, pp. 39-44. 
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of oil: a good deal is already known about the economics of producing oil. 
fom coal by hydrogenation or by the Fischer-Tropsch process, and of 
extracting oil from shale. All these processes are uneconomic at current 
prices, though experimental plants continue to produce hydrocarbon oils in 
this way. But at some future date, possibly early in the next century, natural 
petroleum will probably become so scarce that oil from coal and shale will 
be competitive in price, especially in industrial areas far distant from the 
big oilfields. For the time being there is little incentive for further develop- 
ment work on these alternative sources, but they could take on a new 
importance if the world should suddenly be denied the vast petroleum 
resources of the Middle East (half the world’s proven reserves). 


A DIFFERENT APPROACH 


There is, however, a growing belief that, despite the power of economic 
incentives to stimulate technical change, it is no longer wise to leave such 
change almost entirely to chance. Indeed, each time technologists solve a 
problem, the chain-process of technical advance becomes more complex and 
costly, and, if the process is left undirected, there is no certainty that the 
most important of the remaining problems will be tackled first; indeed, they 
may be tackled too late. Let us make a comparison. Two centuries ago, the 
Industrial Revolution in Britain looked like being held up by the difficulties 
of pumping water from coal mines; there was thus a strong incentive to 
develop Newcomen’s steam-engine and make effective use of the new and 
plentiful fuel below the ground. In our own day, there is an equal incentive 
to develop new sources of fuel and power, since demand is running far 
ahead of what coal, oil and hydro-electricity seem capable of sustaining. 
Coal resources are limited and petroleum reserves are very much more so. 
Itis clear that some interesting sources of power, such as the wind and the 
tides, can never play more than a supplementary role. Only solar and atomic 
energy can take the place of coal and oil. 

This much was clear in the 1930s, but at that time the incentive failed to 
produce any action. If action had been taken it is doubtful which of these 
two possibilities the world would have chosen to back. Both of them called 
for vast research programmes employing large teams of scientists over long 











periods, and only rich communities—not individual companies—could have 
financed them. But for the competitive struggle to produce the atom bomb, 
probably neither source would have been developed until the coal shortage 
had become much more acute. Yet it is clear that delay would have seriously 
impeded the industrial growth of many countries, causing or perpetuating 
much hardship. 

If this kind of situation is to be avoided in the future, what then are 
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the problems which most need examination, regardless of cost and lack of 
immediate returns? 


SOME EXAMPLES 
Substitutes for Coking Coal 


First there is a need to relieve the shortage of coking coal, which is already 
acute in some industrial countries, because only certain kinds or blends of 

coal are suitable for conversion into coke for iron-smelting. In other coun. 

tries high-grade deposits of iron ore cannot be processed cheaply on a large 

scale because there is not sufficient coking coal lying near enough. 

Some research has already been done and the first results are encouraging. 
In Britain, for instance, attempts are being made to produce steel direct 
from ore fines, thus obviating the use of sinter plants, coke ovens and blast | 
furnaces. Research in this field, which is at the pilot plant stage, still faces | 
big technical obstacles; even so, a full-scale plant is envisaged in about ten | 
years’ time. Such a method would considerably widen the range of solid 
fuels that could be used in steel-making, though coal would remain the ) 
essential source of carbon in steel. 

The possibility of using other techniques has yet to be explored, though 
one steel company in the U.S.A. is developing a ‘direct reduction’ process, 
which uses hydrogen obtainable from petroleum and natural gas as wel 
as coal. 





Use of Alloying Metals } 


Another problem is how to make the best possible use of alloying metals, 
some of which are scarce. Here again, much research has been done, and 
much of it acted upon. As a result, the advantages and disadvantages of an 
enormous range of metallic combinations are well established. But so long 
as alloying metals are easy and cheap to buy, there is little incentive to con- | 
sider whether the scarcer ones are being wasted for uses for which the more | 
abundant ones would suffice. Some metals are expensive enough to bk | 
restricted to certain specific uses—niobium, for example, to components 
of jet-engines. But this is hardly the case with most other metals, for example | 
tungsten. 

If titanium, which is fairly abundant in nature, could be made more 
cheaply than at present, it might relieve the pressure of demand on some 
of the scarce alloying metals, for it has a high strength-weight ratio, excellent 
ductility, and resistance to corrosion. To lower its production costs is one of 
the most urgent tasks for metallurgists; but this calls for a new process of 
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extraction, the present one being very expensive and unsuited to large-scale 
production. Indeed, the position of titanium today resembles that of alu- 
minium a hundred years ago. It had been produced in laboratories for thirty 
years before it reached the commercial market at the price of £7 a pound— 
far more than titanium costs today, despite a century of inflation! It remained 
at this stage for another thirty years; then the electrolytic process was dis- 
covered and, to quote one writer: ‘Aluminium came on the market at the 
revolutionary price of a dollar a pound and a new era of the metal world 
began."! No doubt in 2057, possibly much earlier, historians of metallurgy 
will be saying the same of titanium. 

Apart from making the best possible use of alloying metals, there is a 
serious need to think about the possible replacement of alloys by plastics in 
suitable structures. There would be revolutionary implications in the dis- 
covery of a plastic that was rigid, strong in relation to its weight, and 
resistant to heat and corrosion. No such substance may be found in the near 
future, though each of the qualities listed is possessed in some measure by 
more than one plastic. Further technical progress is more than likely. The 
nylon cogwheel—tough, silent and serviceable—and the versatile silicones 
are pointers in this direction. 


Substitutes for Base Metals 


Apart from lead, these metals are not likely to be in short supply in the near 
future. Nevertheless it would be useful to undertake systematic research into 
substitutes for zinc and tin as coatings, since much of these two metals is 
consumed in this way. Further work is also needed before aluminium becomes 
both as technically efficient and as economic as copper in all forms of 
electrical conduction. For lead, the first need is to develop substances equally 
resistant to chemical corrosion and to find new chemical formulae for ‘anti- 
knock’ compounds. Titanium dioxide already looks like being a possible 
substitute for lead and zinc oxides as pigments in paints. 


New Sources of Plastics 


It is easy but wrong to assume that the supply of new materials, like plastics, 
is guaranteed for a long time. The raw materials for the fast-growing plastics 
industry are essentially by-products of coal and petroleum. Their supply 
and price depend both on the availability of these fuels and on the demand 
for the main products of the processes concerned. For instance, take plastics 
from coal; they come from the residue of coal-tar left when coke and gas are 
produced from bituminous coal; they are thus the concern of companies 


1.W. Lewis, Light Metals Industry, London, 1949, os 2. 
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making coal-gas, pig iron or steel. If coking coal becomes scarce, so yjj 
cheap coal-tar. If alternatives to coking coal are found in the steel industry 
less coke may be needed, and less coal-tar will then be produced as, 
by-product of it. If electricity from atomic energy prices coal-gas out of th 
market, coal-tar from gas works will disappear. All these possibilities imply 
a shortage or higher cost of coal-tar—and of certain plastics. Similar factoy 
affect the supply of by-products of catalytic cracking in petroleum refineries, 

There is thus a strong case for considering alternative sources of plastics, 
The most obvious organic substitutes for coal and petroleum are wood and 
agricultural waste. Two of the oldest plastics are obtained from these sources 
—cellulose nitrate (celluloid) and cellulose acetate (rayon, when in filament 
or fibre). But these are not synthetics; research is now needed into cop. 
temporary trees and plants on the scale that produced the high polymers— 
like polyethylene and polymethylacrylate—from the fossil fuels. 


New Fuels for Road and Air Transport 


Since the consumption of petroleum has doubled in the last ten years and is 
still rising steeply, it is prudent to assume that some time in the twenty-first 
century petrol and diesel oil will become scarce and more expensive in most 
countries. It is not too early to start thinking about possible substitutes. 
But thinking and researching are different activities. At present, all that 
research can do is to improve and cheapen electric traction or to develop 
an entirely new prime mover, as characteristic of the atomic age as the steam 
and internal-combustion engines were of bygone ages in technology. (It must 
be assumed that a return to steam traction is retrogressive, if only on the 
grounds that it is extremely wasteful of fuel.) By the time liquid fuels becom 
scarce, atomic power stations may be providing vast amounts of cheap 
electricity, and trams and trolley-buses may return to the streets they have 
deserted, while monorails, already indispensable in countless large factories, 
may make headway in public transport, especially over difficult country. 
The real problem is to find for private vehicles a new means of storing power 
that will permit high speeds without excessive weight of equipment. 
Obviously one long-term aim of developments in atomic research should 
be to use the heat generated by atomic fission directly instead of through 4 
technically inefficient conversion to electricity. The U.S.A. is, of course, 
already doing much work on ‘pocket’ reactors and has proved them to be 
technically feasible. The next task is to make them economic in the various 
uses to which they may be put. 
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scope for Little Used Materials 


Above all there seems to be a need to examine systematically the properties: 
of the world’s plentiful but little used materials. Titanium, already men- 
tioned, is a case in point; so is magnesium, the properties of which (in alloys) 
ye still coming to light. Potentially the most important of these elements is. 
jilicon: it accounts for 28 per cent of the earth’s crust, but only an infini- 
esimal amount of it is used in industry, and most of its important uses are 
centuries old. 

Yet in the last dozen years chemists have found interesting possibilities 
for this mineral. They have synthesized a new family called the silicones, 
which has quickly found many diverse and important uses in industry. This 
may be the beginning of a silicon era since, according to the Paley Report, 
the present uses ‘do not begin to touch the potential that silicon could have: 
in easing materials problems were its properties better understood’.! 

There are other materials of similar promise, though unfortunately few 
are so plentiful as silicon. Their introduction might not be an unmixed 
blessing. They often create problems almost as serious as those they solve;. 
for instance, jet-engines have greatly enlarged the demand for little used 
‘cuts’ from petroleum (kerosene), but they have increased the shortage of 
some scarce alloying metals. Again, many sources of plentiful materials. 
cannot be tapped without a vast consumption of power. Some 18,000 kWh 
of electricity are required to produce one ton of aluminium, and this virtually 
confines the processing of bauxite to areas where power is cheap. Similarly, 
it takes more than four tons of coal to ‘fix’ one ton of atmospheric nitrogen. 

There has been much talk since the last war of ‘creatable’ resources— 
materials that are created and given economic use by fundamental advances. 
in technology. The United Nations devoted several sessions to this subject in 
its Scientific Conference on the Conservation and Utilization of Resources. 
(1949),2 and since then the idea has proved irresistible, possibly because it 
implies that resources may not be finite after all. It is often suggested that 
more research should be done to extend resources of this kind. 

But the word ‘creatable’ is confusing and does nothing to help people 
to understand the role of technology in the development of resources. It 
mixes up three quite different acts of creation—finding new uses for old- 
established materials like silicon, producing valuable materials like atmo- 
spheric nitrogen by new and economic means, and synthesizing entirely new 
materials like high polymers. For the purposes of research these three 
activities are not easily grouped together. The first involves finding the 
physical and chemical properties of a substance and following lines of inquiry 


be 

1, Resources for Freedom, U.S. Government, Vol. I, p. 135. 

2. United Nations, Proceedings of the Scientific Conference on the Conservation and Utilization of 
Resources, 1949, Vol. I, pp. 129-65. 
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that promise useful results. The second involves examination of the known 
sources of material with a view to discovering new and easier ways of 
extracting it; the new method may—but need not—result from a fundament,| 5 
change in technology. The third—synthesis—involves the use of severg| 
materials and methods and the making of perhaps hundreds of synthetic 
compounds in the hope that one of them will, like nylon, be a winner, Ty | 
group the three under one head only confuses the picture. What resource has 
not in its day been ‘creatable’? It was research that made it possible to mine | 
deep coal, to smelt metals from ore and refine them by electrolysis, to distij 
many different fuels from petroleum, and to produce sulphur by differen: 
methods according to the type of deposit. 


PUBLIC AND PRIVATE RESEARCH 


Research of the kind suggested here ought to be done mainly by the industries 
concerned; but as most of it will not yield an early return, industry will be 
reluctant to undertake it. And while research and development are expensive 
enough, the capital outlay on plant for new materials and processes is often 
so big that only very large combines can undertake it. For example, the’ 
initial investment in terylene in the United Kingdom, excluding research and 
development, was about £20 million, yet it allowed only 10,000 tons of 
yarn to be produced in a year. For both these reasons governments may 
hesitate to sponsor research that has been turned down by industry. The 
nineteenth-century view that the world is a horn of unlimited plenty is not 
easily discarded. 

Yet this is precisely the kind of research that communities should sponsor. ' 
It lies well within the scope of foundations like the Ford and Rockefeller 
Foundations (the former has recently sponsored an impressive conference 
on problems of resources), and could be given additional support from public 
funds. Above all, in order to avoid waste and duplication of effort, it should | 
be co-ordinated between nations, as atomic research was during the last war, ° 
or perhaps through United Nations organizations. 

It must be admitted that work of this kind would accentuate the already © 
serious shortage of scientists and technologists, and it would become even 
more imperative than at present to expand educational schemes for the 
training of scientific and technical manpower. It is likely that a large pro 
portion of the good graduates would be attracted to it because the work 
would be interesting and fundamental, but this would aggravate the shortage 
of graduates elsewhere. In the long run, however, this research might sav 
technical manpower by making much short-term development unnecessaf) 
or unprofitable; on the other hand, it might counter-balance that saving bj 
making technology more complex and causing more processes to be liberally 
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manned with technologists. Admittedly, there is a problem here, but this is 
no reason for holding back. 


CONSUMER REACTION TO NEW MATERIALS 


One difficulty about sponsoring new materials is that they are often looked 
upon—mostly wrongly—as substitutes; and in some industrial countries the 
idea of substitutes appeals to few and appals many. Among products, as 
among people, time-honoured reputations die slowly and others take just as 
long to establish. This conservatism runs through many walks of life, always 
thriving on the fear that the so-called ‘substitutes’ are not as good as ‘the 
real thing’. 

Very often the conservatives are right. The two wars forced millions of 
people to buy inferior products that no one would have chosen, and ‘ersatz’ 
became a term of abuse on both sides of the fighting lines. Between the 
wars so many inferior goods were made of plastics that the very name came 
to be associated in many minds with cheapness and shoddiness. The truth is 
that most wartime substitutes sprang from acute shortages and could never 
have commanded a market in times of plenty. Peace-time shoddiness usually 
results from the unwillingness of manufacturers to study and accept the 
limitations of their materials. Thus, when the plastics industry was young, 
the cellulose and phenolic plastics were grossly overworked and put to count- 
less purposes for which they were unsuited. Today there is a wide range of 
plastics, and most manufacturers find it easy to choose the most appropriate 
for each purpose. 

Even the stern traditionalists tacitly acknowledge the fact that some new 
materials are much more than substitutes; that nylon stockings give the 
greatest value for money, that aluminium saucepans are light to handle and 
do not rust, that table-tennis balls are best made of cellulose nitrate, and 
aircraft windows of acrylic plastics. They would probably be horrified at the 
thought of being driven through the air in a half-timbered fuselage by a 
jet-engine made of mild steel. They may even admit that many new materials 


_ are developed because they have unique features, or unique combinations of 
| features, not found. in those with which they compete; silicone treatment 


makes textiles water-repellent, modern detergents remove household grease 
much better than soap, while table tops of laminated plastics wear better 
than enamel and are more easily cleaned than wood. As a result, the general 
atmosphere of distrust is gradually dissipating—in some countries very fast. 

Beyond doubt, the variety of new materials available today more than 
compensates for the relative scarcity of materials of bygone centuries. What 
is more, scarce materials never run out entirely; though expensive, they can 
always be obtained by the enthusiast who is prepared to pay for his pride in 
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having them. Contemporary houses for the fastidious can be decorated with 
marble panels like those of the Renaissance and roofed with copper sheet | 
like some old cathedral; yet much of the equipment inside is of aluminium 
and plastics. In fact, the very cheapness of so many household goods enable 


expensive pieces. 


THE PROBLEM OF CONSERVATION 


If materials are plentiful and cheap, people have little incentive to keep them | 
in prolonged use. All too often consumers in the wealthy countries buy useful | 
goods but reject them, in deference to whim or fashion, long before they are 
broken or worn out. A new twist is thus given to the word ‘obsolescence’, it 
suggests not something that is technically out of date, but something that is 
no longer valued. To quote an American businessman: 


used in making articles in which the element of satisfaction is deficient and which are, 
therefore, scrapped while they are still useful. To discard them before their use. 
fulness is exhausted is a luxury our civilisation can no longer afford. It is gross 
economic waste.! 


The last two sentences are, of course, controversial. The opposite, perhaps | 


another American manufacturer: 


industrial country in the world as a result of incessant competition and the continuous 
utilisation of resources. These factors have led to the growth of research laboratories 
in which alternatives (are) sought for resources in danger of depletion. It might be 
confidently expected that the scientist would adequately meet any emergency.2 


This point of view is of interest because it assumes that research of the kind 


unwritten law. But, as has been pointed out here, while research into 
substitutes has kept pace with shortages in the past, it may fail to do so in 
the future, especially if the research needed should prove to be a long and 
expensive business; indeed research into atomic energy would certainly have 
been too slow but for the extraordinary demands of war. In any case, the | 
idea that extravagance breeds its own salvation is at least as debatable as the 


1. A. A. Houghton, Jr., Vice-president of Corning Glass Works, U.S.A., quoted in Design Policy in 
Industry, Council of Ind. Design, London, 1952, p. 3. 

2. Paul D. Foote, Vice-president of the Gulf Research Development Co., U.S.A., quoted in Proceed- 
ings of the U.N. Scientific Conference on the Conservation and Utilization of Resources, 1949, 
Vol. II, p. 39. 
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belief that extravagance is gross waste. Sober opinion has found expression 
in the Paley Report: , 


It may not be wise to refrain from using zinc today if our grandchildren will not know 
what to do with it tomorrow. But following a course of conservation which weighs 
economic factors carefully is very different from the eat, drink and be merry philo- 
sophy which sees no point in judicious self-restraint and no cause to be concerned 
with our children’s welfare.! 


What then ought to be done to conserve resources? The two most obvious 
steps are to improve design and stimulate interest in it; and to make 


systematic use of scrap. 
Improvement of Design 


The use of materials in product design should strike a nice balance between 
functional and aesthetic requirements. Let us look at one example. In the 
absence of cheap stainless steel, some parts of automobiles must be chro- 
mium-plated; but whether this is done lavishly or with restraint is a matter of 
choice, governed by personal taste. It does seem, however, a principle of 
good design to select the right materials for the job, even if they are new 
and little accepted, and then use them with moderation. It does seem too 
that vulgarity and excessive use of ornament often go together. Encourage- 
ment of designers and education of popular taste in design can help to 
conserve materials as well as to improve the appearance and utility of the 
goods. To use the same example again, several makers of cars that sell largely 
on their design, notably the Renault Dauphine and the Ford Prefect, use 
chromium with unusual economy; it would be easy, though invidious, to list 
examples of the opposite. But persuading manufacturers, distributors and 
customers to accept good principles of design has proved to be a long and 
uphill task in all countries. The paramount need is for a publicly supported 
body to act as a spearhead—as is the case in the United Kingdom and 
several other countries. 


Recovery of Scrap 


It is just as difficult to collect as scrap seemingly abundant materials as it is 
to restrain their use in manufacture. Consumers only bother about scrap 
during national crises, such as war, or when they can get an attractive price 
for it. Industry will only salvage used materials if the cost of collecting 
and reclaiming them falls below the cost of new supplies. And governments 
as a rule only collect scrap on behalf of industry in time of crisis. 





1.See Resources for Freedom, U.S. Government, Vol. I, ‘Summary’, p. 25. 
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This problem, like that of traditional and substitute materials, is 
economic; as materials become scarce, they become more worth CONSErving 
But the economics of conservation depend on other factors too—for instance, ( 
on how far regular servicing, which lengthens the life of machines, can 
made attractive to customers, or on how far advertisers can persuaj | 
consumers to buy goods of lasting quality in which they can take pride, 

In the case of metals, the cost of recovering scrap is the main difficulty 
Large pressings, forgings and castings are much cheaper to collect and me 
down than small tools and trinkets, most of which are kept by consumes 
indefinitely or find their way to the rubbish tips. Some metals are difficy} 
to recover economically in large amounts, notably those used as protectiy 
coatings on other metals. In recent years, according to one estimate, 60 pe 
cent of the lead and copper used in the United Kingdom and the U.S.A. ha 
been recovered, but only 30 per cent of the zinc and tin.! Similarly, it jj 
difficult to raise the proportion of copper and lead recovered; half ¢ 
the lost lead is sold in chemical compounds like lead oxide and tetra-ethy| 
lead. 

The most important metals to recover are the comparatively scarce 
elements in alloys—nickel, chromium and molybdenum in the structurl 
steels, and these as well as tungsten, vanadium, cobalt and niobium in th 
so-called heavy-duty alloys. The scrap can be melted and either used again 
as it stands, or, if the amount of each constituent is known, more element | 
can be added as desired. It is a growing practice in industrialized countries 
to stamp components embodying scarce metals with their chemical compos- 
tion, so that when the alloy comes in as scrap it can be graded and put toa 
suitable second use. 

A unique and, in some areas, urgent problem is the conservation of water 
Because of an enormous increase in the industrial demand, this little valued 
material is rapidly becoming scarce in regions where is was once abundant. 
In the U.S.A., for example, water consumption has grown eight-fold during 
the first half of this century, and by 1975 it may be 24 times what it is today. 
The main users are irrigated farms (which take half the total), power station 





and steel works; but the needs of the chemical and allied industries ar * 


expanding fast. According to one estimate: 


Five gallons of water are required to process one gallon of milk, ten gallons to produc 
one gallon of gasoline, one hundred gallons to make one gallon of alcohol, ten 1 
seventy-five gallons for every pound of finished fabric, eighty gallons for each kilowatt 
hour of electricity generated, 300 gallons in the manufacture of one pound of synthetic 
rubber and over 65,000 gallons in the manufacture of one ton of steel.2 


1. E. H. Jones, Journal of the Institute of Metals, January 1952, p. 246. 
2. Harrison Brown, The Challenge of Man’s Future, New York, 1954, p. 211. 
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; The rainfall in the U.S.A. is unevenly distributed, and some industrial areas, 
eth : notabiy in the south-west, have not enough. The results are, first, a fall in 
ince the local reserve of ground water as pumping outpaces replenishment, and 
nk 


second, competition for the waters of great rivers and lakes. Conditions are 
worsened by contamination of much existing water by the effluents of 
numerous industrial plants. 

The same problems exist in many other parts of the world; but in most 
industrial communities they are narrowly localized and can be dealt with by 
choosing sites for new factories with care, restricting needless consumption, 
differentiating price tariffs, controlling water pollution, and recharging areas 
of falling ground water with surplus supplies from neighbouring areas. These 
may not be solutions for areas like Arizona, but they are ways of preventing 
new Arizonas from developing. 

The water problem emphasizes the need for research into the purification 
of sea water (see below). It also justifies patient experimentation with 
methods of ‘rain-making’. Above all it warrants a full survey of the supply 
and prospective demand for water in all developed regions with a view to 
countering local shortages before they become serious. 


THE OUTLOOK FOR PROSPECTING 


But apart from the development of substitutes and the conservation of 
' materials already in use, there are the more orthodox means of raising sup- 


plies of materials—prospecting for more deposits, exploiting economically 
lower-grade deposits, and extracting more of the mineral from each ton of 
the ore. Here, too, there would seem to be room for more conscious planning. 

Although many governments have been conducting geological surveys for 
a long time, very little of the earth’s crust has been examined in detail by 
the newest methods; much of it, including large tracts of Asia, Africa and 
Latin America, has hardly been touched. This does not necessarily mean 
that the worid has vast untapped resources. Many of the areas likely to 


_ contain mineral wealth have already been examined. Doubtless there are 


still rich deposits to be found, but probably not many until such time as 
deep mining becomes practicable. Meanwhile resources will be enlarged 
slowly by patient and unspectacular prospecting. 

But surveying and prospecting are long and costly undertakings. Since 
mining companies must necessarily limit themselves to shorter-term com- 
mercial prospects, the long-term surveys for new deposits may best be under- 
taken by governments, possibly with technical and financial assistance from 


Plan, etc.). 
But international support for detailed surveys raises difficult problems. 
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First, these surveys are not strictly commercial and must therefore be aide 
-either by grants from public funds or by loans, which burden the finances | 
receiving countries without guaranteeing them any immediate return. Secon! 
the wealthy countries must be persuaded that it is in their own inter) 
to give financial and technical aid. It is clear from the Paley Report thy 
these countries will have to depend more and more on materials importe(| 
from the underdeveloped countries, and that they must therefore contriby, 
to the discovery of new resources there; but few wealthy countries think th 
need urgent enough to justify the giving of grants; they prefer loans or dingy 
investment. But here the third factor comes in: nationalist feeling in t) 
poorer countries often resents exploitation of home resources by foreig) 
enterprises and tends to discourage them either by refusing concessions, 
by making operating conditions difficult, or by nationalizing foreign ente. 
prises. 


j 











LOW-GRADE DEPOSITS 

There is also need for more research on methods of dressing and extraction! 
the results of past work in this field are very encouraging. It is only 50 year) 
since copper ores were uneconomic to work unless they contained at lea 
3 per cent metal, but today ores with less than 0.5 per cent metal are wort 

mining. Such results are due less to improved extraction than to improvi) 
dressing, by which is meant the crushing and grinding of ore and the con 
centration of valuable elements in it. 

Most important is the need to find economic methods of recovering th 
vast quantities of material lying near the surface of the earth in mimt 
concentrations. If they could be used, they would greatly augment ty 
mineral wealth at man’s disposal; but, it must be emphasized, they are fy) 
lower in grade than the poorest deposits now worked. It is not too early in 
research to veer in this direction; if it cannot be undertaken by the mini 
companies because of its exceptionally high cost, it becomes the prop 
concern of governments. One obvious benefit would be to increase thy 
supply of aluminium, which abounds in clay and in the sea. 

Perhaps indeed the most attractive of all treasure houses is the sea, {ft 
water is easier to handle than earth and could be ‘worked’ on almost a 
seashore of the world. The sea is rich in magnesium, as well as in aluminiut 
and in a large number of useful chemicals including common salt, whi 
primitive peoples have extracted for centuries by allowing sea water 
evaporate in large shallow pans under the tropical sun. If deprived of § 
minerals, the sea provides fresh water for areas that are running short off 
and plankton for the world’s hungry peoples. One can visualize a picture 
which deserts are irrigated by purified sea water, and massive new pli} 
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along the coasts powered by atomic energy. But the task for research- 
_ workers is more prosaic: how to find cheaper methods of separating food 
by and minerals from sea water and one mineral from another, and to investigate 
“ the economics of supplying these materials together in the way in which, say, 
via petroleum products are supplied today. 

ports "Some of this research has been done in the U.S.A., which already gets 


rN a fair proportion of its magnesium from the sea. At present magnesium is the 
- most valued product of the sea. If this metal were to be more widely_used, 
ham and if large industrial areas near the sea should become short of fresh water, 


then the processing of sea water on a large scale would become a practical 
Big proposition. It is not too early for co-operative research in this field, and 
all maritime countries should be interested in it. 
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| AGRICULTURAL MATERIALS 


r4 

" 

' As has already been said, less than a tenth of the world’s cultivable land is . 

me | under industrial crops in an average year; half of that is cotton, a quarter - 

7 = industrial oilseeds, and the rest other fibres, rubber and tobacco. Is this ? 

~T proportion likely to rise or to fall? Industrial crops have long been associated ‘ 

: ~ with plantations, which smack of imperialism to nationalist minds. They - 
bis _ have not grown naturally in peasant economies. But now that subsistence 


“ onl farming shows signs of coming to an end over large tracts of the world, the 
possibility arises of new plantations, run by large local landowners or by 
co-operatives. If the farmer can buy his food cheaply on the market, he will 
be tempted to concentrate on growing industrial crops, especially if price 
fluctuations, the bane of primary producers, can be smoothed out by 
marketing schemes like those recently devised in the Gold Coast for cocoa 
and in Burma for rice. On the other hand if, as seems likely, industrialization 
combined with rapid population growth pushes up food prices faster than 
those of raw materials, the trend will obviously be in the opposite direction. 

The main hope for increasing the supply of agricultural raw materials 
seems to lie therefore in raising yields rather than extending the area of 
cultivation, since outside a few favoured areas there is not a great deal of 

_ land that can be quickly, cheaply and conveniently brought under the plough. 

nisin Experience suggests that yields can be greatly increased in many areas, 

, chiefly by applying knowledge already available. The main field for new 

ia 4 tesearch is in the breeding of new strains to suit individual soils and climates, 

1 of and in the use of radio-active isotopes to improve strains generally. 

+ off _ In uncultivated areas, however, there is an important need to survey the 

sturei} POSSibilities of afforestation. Until now there have been two main concepts 

nit Of forestry: the plunderer’s concept, by which trees are something provided 
by nature for man to take away; and the conservationist’s concept, which 
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as something to be held constant from year to year. Now that we have tp 


turn to wood for an increasing number of raw materials, there is obviously 


a growing need in many countries to plan afforestation well ahead of possibj. 
emergencies. 


CONCLUSION 


All through this article the emphasis has been on the need to plan researc) 
ahead rather than to rely, as in the past, on the haphazard reactions of 
private enterprise. Whether this need is urgent can, of course, be debated; i 
can be argued that it is, because all the available evidence suggests that th 
demand for materials will continue to rise at a tremendous rate in the ney 
few decades, and if this demand cannot be met, many countries will not bk 
able to raise their living standards. Some may find themselves as poor in 
2057 as-they are now. 

Let us consider the figures. The enormous increase in the owen 
leading metals since 1880 is the result of the industrialization of a handfil 














of countries. According to Tables 2 and 3 (which exclude the communist 
TABLE 2. Estimated distribution of world! consumption of important metals2 
Percentage of total consumed by each country Percentage 
Country of total 
Pig iron Copper Lead Zinc Tin population 
U.S.A 56 48 48 50 49 7 
U.K. -9 14 11 12 16 2 
Europe! 27 24 28 25 18 12 
Canada 2 4 3 3 3 1 
Australia and New Zealand 1 2 3 3 2 
Total (highly developed ; 
countries) 95 92 93 93 88 22 
Japan 2 2 1 3 2 3 
Other countries 3 6 6 4 10 75 
World! 100 100 100 100 100 ~—-:100 


Source: U.S. Government, Resources for Freedom, Vol. Il, 1952, pp. 118 and 132-5. 
1. Excluding all communist countries (Eastern Germany among them), but including Yugoslavia. 
2. New materials only. 





countries): nine-tenths or more of these metals are consumed in Europe, th 
U.S.A., Canada, Australia, New Zealand and Japan. The other countries 
consume only 3 per cent of the pig iron and 6 per cent of the copper ati 
lead. What would happen if many countries became highly industrialized! 
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Taste 3. Estimated consumption of selected metals! per head for the world? and 
certain countries, 1950 











Amount consumed per head 
Country Pig tron Copper _— Lead Zine Tin —— Nickel - vera 
Ib. oz. oz. oz. oz. oz. oz. Oz. 

U.S.A. 855 264 165 228 17 194 21 2.7 
UK. 349 236 114 167 16 
Europe? 260 81 59 69 3 
Canada 368 232 130 135 11 
Australia and 

New Zealand 249 125 117 159 7 10 0.7 0.1 
Total of above 448 158 100 138 
Japan 62 16 § 22 1.2 
Other countries2 6 4.5 3 2.6 0.5 
World2 142 50 32 42 3 27 2.6 0.35 


Source: U.S. Government, Resources for Freedom, Vol. II, 1952, pp. 118 and 132-5. 
1. New materials only. 
2. Excluding all communist countries (Eastern Germany among them), but including Yugoslavia. 





If the world as a whole were to consume as much metal per head as the 
industrial countries, it would need about four times as much minerals as it 
does today. This assumes that the industrialized countries mark time; in fact, 


their population is still growing and their living standards are still rising. 


Their consumption of some metals will more than double before the end 
of this century if it continues to expand at the rate envisaged in the Paley 
Report. 

Fortunately, this two-fold pressure of demand will not begin at once. It 
is likely that the underdeveloped countries will only slowly make an impact 
on world demand. The authors of the Paley Report, lacking a firm basis 
for statistical projections, assumed that the consumption of materials by 
these countries would grow three times as fast in the U.S.A.’ Yet even on 
this liberal assumption their part in world demand would still be insignificant 
in 1975, and only in the twenty-first century would it become an important 
factor in the total growth of consumption. 

There is then a breathing space in which to meet the coming pressure of 
demand. The population growth alone requires production to rise by nearly 
3 per cent a year in Latin America, 2 per cent in Asia and Africa, and 
at least 1.5 per cent in North America, Australasia and the U.S.S.R. in 
order to keep production per head of population at the present level. The 
speed at which man augments the resources at his disposal in the next 
50 years is likely to be crucial for the welfare of the twenty-first century. 


PS 
1. Resources for Freedom, U.S. Government, Vol. II, p. 132. 
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The Impact of Science on American Society 


Following is the verbatim report of a Committee on the Social Aspects of Science estab. 
lished by the Council of the American Association for the Advancement of Science in 
1955. The.report was submitted to the Council of the AAAS and published 31 Decem. 
ber 1956. 


I. INTRODUCTION 


The Council of the American Association for the Advancement of Science, 
at its 1955 meeting, resolved to establish an ‘Interim Committee on the Social 
Aspects of Science’. During the past year this Committee (consisting of 
Dr. Ward Pigman, Associate Professor of Biochemistry, University of Ala- 
bama Medical Center, Chairman; Dr. Barry Commoner, Professor of Botany, 
Washington University; Dr. Gabriel Lasker, Associate Professor of Anatomy, 
Wayne State University; Dr. Chauncey D. Leake, Professor of Pharmaco- 
logy, Ohio State University; Dr. Benjamin H. Williams, Industrial College 
of the Armed Forces) has made a preliminary study of the present state of 
science in the United States, and its relation to social forces and issues. The 
Committee found that even a cursory examination of this question leads to 
a most serious conclusion: that there is an impending crisis in the relation- 
ships between science and American society. This crisis is being generated 
by a basic disparity: at a time when decisive economic, political and social 
processes have become profoundly dependent upon science, the discipline 
has failed to attain its appropriate place in the management of public affairs. 

The Committee believes that this question demands the most urgent 
attention of the AAAS and of scientists generally. The present interim report 
is not intended as a complete consideration of the many interrelated problems 
encompassed by the area which the Committee has studied. Rather, the 
report represents a sampling of some of the issues which the Committee has 
found to serve as useful points of departure in developing an analysis of the 
situation. Because of the importance of this matter, the Committee believes 
that any decision on the manner in which the AAAS can best deal with it 
should be based on the most extended and broadly conducted discussion 
among natural and social scientists and other interested persons. The report 
which follows is intended as one means of initiating this discussion. 

Such an undertaking would come at a most opportune time. We are at 
the start of a period in which science holds the promise of making unpre- 
cedented improvements in the condition of human life, and any action taken 
now to assist the orderly growth and beneficial use of science will be of 
lasting significance. 


II. THE NEW SCIENTIFIC REVOLUTION 


A cursory examination shows that society has become far more dependent 
upon science than ever before: 
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]. The Accelerated Growth of Scientific Activity 


The volume of scientific research and development conducted in this country 
has been increasing at an astonishing rate. In 1930, expenditures for science 
were estimated at $166 million; in 1953 the amount was more than $5 bil- 
lion. Allowing for the change in the value of the dollar, this represents 
approximately a 15-fold increase in research expenditures over the 23-year 

riod. The number of active scientists in the United States in 1930 was 
46,000; the present number is probably about 250,000. All estimates of 
future needs for scientific research and personnel indicate that this growth 
will continue at an accelerated pace. This rate of growth sets scientific activity 
apart as the second most rapidly expanding sector of our social structure, 
military activities being first. 


2. The Increased Use of Scientific Knowledge 


It is characteristic of the present era that the previously formidable gap 
between scientific knowledge and its application to practical problems has 
become considerably reduced. It is now a commonplace that calculations 
based on physical theory move quickly from the scientist’s laboratory across 
the engineer’s drafting board and on to actual industrial production. Since 
1940 we have experienced a series of classic examples of almost immediate 
conversion of a scientific advance to a process of large practical impact upon 
society: antibiotics, synthetic polymers, nuclear energy, transistor electronics, 
microwave techniques, electronic computors. The greatly narrowed gap 
between laboratory and factory results from a distinctively new role of 
research in industry. Scientific investigations were previously regarded by 
industry as a kind of exotic garden to be cultivated in the hope of producing 
an occasional rare fruit. In contrast, research has now become a deliberate 
instrument of industrial development; scientific investigations are consciously 
undertaken as a means of achieving desired economic gains, or as in several 
notable industrial laboratories, for the purpose of contributing to our fund 
of basic scientific knowledge. 

Recent advances in science have also created completely new industries. 
Four major industries: chemical, electronic, nuclear energy and pharma- 
ceutical represent direct extensions of laboratory experience to an industrial 
scale. This type of direct transformation of scientific experience to industrial 
operation is probably unique in human history. Earlier industrial develop- 
ments were based more on empirical experience than on laboratory science. 


Ill. THE SOCIAL POSITION OF SCIENCE 


Science is but one sector of our culture. It is one of the institutions of society, 
and to a considerable degree society itself governs the development of science. 
In the present situation, social forces influence the development of science 
in the following key ways: 


1. The Social Demand for Technological Advances 


From the evidence already cited it is clear that there is a strong social 
demand for at least some kinds of scientific progress. The fact that industry 
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has made unprecedented investments in research is practical evidence that 
this type of scientific work is seen as a desirable activity by industrial map. 
agers. Government scientific activity, which perhaps reflects a wider range of 
social forces, has also been very intense in the past twenty years. Accelerated 
support for scientific research is evident from the increased scale of military 


research, the growing activities of the National Science Foundation, the | 


greatly increased support for medical research by the National Institutes of 

Health, and the increasing share of philanthropic funds from private agencies 

now devoted to research on health and social problems. The followi 

generalizations may be made concerning the distribution of the enhanced 
research support now enjoyed by American science: 

(a) The major part of research support goes into applied research and de. 
velopment rather than basic science. In industrial research the ratio is 
about 97 : 3; in universities about 50 : 50; in federal agencies (including 
support for research done elsewhere) about 90 : 10. 

(b) Support is heavily slanted toward physical sciences. In 1954, federal 
research support was divided as follows: physical sciences, 87 per cent; 
biological sciences, 11 per cent; social sciences, 2 per cent. Industrial 
research is at least as heavily weighted in this direction. 

(c) At present a very large part of our total research activities are for 
military purposes. Of the estimated federal expenditures for research in 
1957 (£2.5 billion), about 84 per cent is earmarked for matters related 
to national security. 

(d) Colleges and universities, which are the site of much of our basic research 
activities, have become dependent on federal funds for the greater portion 
of their research support (60-70 per cent in 1954). 

Some of the effects of these factors upon the character of scientific research 

are discussed in Section IV below. ; 


2. Public Interest in Science 


There are indications that the public interest in science is not commensurate 
with the important role of science in society. 


(a) The shortage of scientific personnel. We face a major crisis with respect to 
present and future shortages of scientific personnel. In effect, this means that 
the social environment in the United States does not elicit a maximum interest 
in science on the part of those individuals who have the capability of doing 
scientific work, or that our social organization does not permit them to 
receive the necessary training. This problem is closely connected with the 
more general question of the present state of public education in the United 
States. The content of public education has been subjected to a good deal of 
criticism recently, especially with regard to science and mathematics. Many 
scientists feel that an official state requirement for graduation from high 
school which calls for one year of ‘general’ mathematics and for one year of 
‘general’ science cannot be regarded as proper recognition of the importance 
of science. 


(b) Attitudes toward scientific work. To some degree the foregoing dif- 
ficulties reflect a broader problem, i.e. a traditional disregard for abstract 
thinking. More than a century ago De Tocqueville observed ‘Hardly anyont 
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in the United States devotes himself to the theoretical and abstract portion 
of human knowledge’. He said the immediately practical aspects of life, were, 
however, fully appreciated. The same generalization appears to be true today. 
So-called practical men of public affairs and business frequently disregard 
the advice of scientists and prefer instead to rely on ‘common sense’, but the 
latter is often construed to mean what Einstein has called ‘a deposit of 
prejudices laid down in the mind prior to the age of 18’. This problem, parti- 
cularly as it relates to a lack of interest in scientific careers, has attracted 
considerable attention of late. Recent surveys indicate that the general 
attitude exemplified by popular epithets such as ‘egg-heads’ and ‘long-hairs 
are well rooted in the opinions of young people. 


(c) Science in the public press, and other media. By all standards, science 
receives an unduly small share of the budget of newspaper space or broad- 
casting time. The number of books and magazines devoted to disseminating 
public information about science is correspondingly small. The immediate 
reasons for this state of affairs are manifold. It is clear, however, that the 
situation reflects a rather low level of interest in science on the part of the 
public, or of those who attempt to judge the public mind for purposes of 
directing the media of information. 


IV. THE INTERNAL SITUATION OF SCIENCE 


How has its recently accelerated rate of growth, and the general nature of 
the social influences upon it, affected the character of American science? 
Some brief and approximate answers may be made: 


1, Unbalanced Growth 


The growth of our scientific organization has not been an orderly process. 
Growth has been based less on internal needs of science than on the interest 
of external agencies in possible practical results. In a sense, the speed and 
direction of the development of science has been determined by the users of 
science rather than the practitioners of science. Agencies which use scientific 
knowledge (e.g. industrial management, military establishments, medical 
agencies) have undertaken to encourage, and pay for, scientific research of a 
sort which seems to promise information that might be useful to their own 
specific purposes. The disproportionate growth of the physical sciences as 
compared with biological and social sciences, to some degree reflects the 
interests and superior financial resources of the industrial and military 
agencies that support science. 

The effects of this unbalanced development are already being felt. Gen- 
erally speaking, we sometimes find ourselves embarking upon new ventures, 
based upon advances in chemistry and physics, before we are adequately 
informed about their consequences on life or on social processes. Some of 
the resultant difficulties which we have already made for ourselves are 
described in Section V below. 

It should be recalled that this unbalanced growth takes place within the 
frame-work of a shortage of personnel. This situation has very naturally 
given rise to a somewhat disorganized competition for students, which further 
accentuates the disparate pattern of development of the various sciences. 
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2. Inadequate Progress in Basic Research 


It is well known that the creative source of all technological advance is the fre. 


inquiry into natural phenomena that we call basic or ‘pure’ science. However, ) 


as already indicated, the great bulk of our present research activities represen, 
the development of practical applications of the knowledge generated by Pre- 
vious advances in pure science. It has been pointed out repeatedly that many 
of our current technological advances are based on the application of a¢. 
cumulated basic knowledge which is perhaps twenty to thirty years old. The 
progress of basic science does not appear to be keeping pace with the 
development of applied science. Some observers even feel that there has 
been an absolute decline in the amount of highly creative research of the 
type that leads to major advances in our knowledge of nature. They point 
out that our present understanding of the structure of atoms and molecules, 
and of the behavior of living cells, goes back to great illuminating propos. 
tions that are 25 years or more old. 


3. Difficulties in Scientific Communication 


New information is the major goal of scientific research, and communication 
of information is vital for all scientific progress. However, the rapid, rather 
disordered growth of science has placed a severe strain on the channels of 
scientific communication: 


(a) Communication among the divisions of science. The problem of adequate 
dissemination of the results of current research has become a matter of 
great concern. The growth of our research establishment, and the resulting 
increase in the numbers of scientific communications, has made the problem 


of ‘keeping up with the literature’ quite serious. It is now widely recognized | 


by scientists that the existing system of publication and distribution does not 
fill their needs. Published articles and monographs have not kept up with 


the current knowledge in many fields. The number of journals is insufficient | 
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(publication delays of one year are common) and methods of abstracting, | 


indexing and reviewing are inadequate. It is becoming rapidly more difficult 
for scientists to find out what their colleagues know. The situation is partic- 
ularly bad with respect to articles printed in foreign languages (Russian, 
especially) which investigators are too frequently incapable of reading. Some 
observers have already urged the establishment of scientific information 
centers from which subscribers could receive transmitted reproductions or 
teletyped abstracts obtained by electronic scanning devices. Such centers 
would require government investment of about $150 million. That proposals 
of this magnitude are under current discussion is an indication of the severity 
of this problem. 

Proper communication among scientists is not, however, merely a matter 
of developing proper recording, cataloging, and searching devices. Face- 
to-face meetings, which bridge the barriers of specialization, are an obvious 
necessity for the ordered growth of human knowledge. There is a widespread 
feeling among scientists that scientific meetings which bring together investi- 
gators from different fields of science are a necessity. But, with some dis- 
tinguished exceptions, such meetings have been difficult to establish thus far. 
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(b) Imposed restrictions of free communication. Although government sup- 

rt has been a major source of recent scientific growth, it has been ac- 
companied by influences which are in some respects inimicable to basic 
needs of science. Complete freedom of communication regardless of national 
boundaries is an essential aspect of science; nevertheless, along with govern- 
ment support, American science has been burdened with practices that 
restrict the free flow of information. The interchange of scientific information 
is sometimes restricted unduly by the overclassification of data that affects 
national security. It must be acknowledged that at certain times, and with 
certain types of data, restriction of exchange of information is necessary so 
long as scientific progress continues to have military activity as one of its 
chief values. The immediate problem is to limit such restrictions to a minimal 
area. The ultimate problem is to free society as a whole and thereby science 
itself from the tyranny of war. 

Not all artificially imposed restrictions on communication are due to 
government requirements. There is an understandable tendency on the part 
of industry to protect its investment in research. by restricting distribution of 
its results. As a greater share of research is taken on by industry, especially 
in those areas where expensive, complex operations are involved, this prob- 
lem will become of greater significance. It is ironical to note that a recent 
Conference on the Practical Utilization of Recorded Knowledge—Present 
and Future (at Western Reserve University, January 1956), which devoted 
a good deal of attention to the problem of improved dissemination of know- 
ledge, found it necessary to hold part of its deliberations behind closed doors, 
and to refrain from publicizing the full record of these ‘confidential’ sessions 
(American Scientist, April 1956). 

Unrestricted communication is but one facet of the free intellectual environ- 
ment that is as important to scientific creativity as it is to all other fields of 
human endeavor. If society is to benefit broadly and effectively from the 
efforts of modern science, and if science in turn is to be enriched by con- 
tributions from other fields, the social order must provide the greatest 
possible intellectual, social and personal freedom for scientist and non- 
scientist alike. 


V. MAJOR SOCIAL ISSUES OF SCIENTIFIC ORIGIN: SIGNS OF TROUBLE 


How well have we solved those social issues which are most closely related 
to scientific or technological knowledge? 

Most of our successes are self-evident. Scientific knowledge is being 
applied to the development of a new industrial system capable of greatly 
increasing, in both quantity and quality, the total wealth of man. We are 
creating a remarkable establishment for medical and related research, which 
has given us mastery of many human ills, and has prolonged the span of 
life. 

Nevertheless, scientific problems which influence social processes have 
become an arena of serious difficulties. In some situations our enhanced 
ability. to control nature has gone awry and threatens serious trouble. Some 
examples follow: 
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1. Radiation Dangers 


It need hardly be pointed out at this time that the difficulties created by | 


the dispersion of radioactive materials from nuclear weapons have caused } 


of one’s attitude toward the necessity of setting off nuclear explosions fo, | 
considerable concern in this country and throughout the world. Regardleg | 
testing purposes, there is considerable evidence that this aspect of humay | 
control over nature is a potential danger to life. The recent controversy ove 
the immediate significance of this problem shows that we have not ye 
developed methods for the orderly determination of the facts, in an area ip 
which such facts may influence the health of the whole population of the 
earth. | 


2. Food Additives 





The enormous growth of industry based on organic synthesis, coupled with | 
the already mentioned tendency toward rapid exploitation of scientific know. 
ledge, has resulted in a great increase in the number of man-made con. 
pounds now used in foods or otherwise ingested or absorbed by humans. The 
period of use of many of these substances has been rather short, and pos. 
sible undesirable long-range biological effects have not yet had time t 
appear. Laboratory methods for studying delayed biological effects, such a 
carcinogenicity, are unfortunately difficult to manage, and equivocal in 
interpretation. Consequently the establishment of certification procedures 
which might assure the public that a given additive is harmless is a most 
difficult matter, which has been the subject of considerable discussion and 
controversy. Nevertheless, additives are in use, and the problem of making 
a reasonable determination of their safety needs to be faced. 

A parallel situation exists in connection with the health hazards that arise 
from the dissemination of fumes, smogs, and dusts by industrial plants, and 
from automotive and other combustion processes. The harmful biological 
effects of these agents usually appear a long time after the commercial use- 
fulness of the process is established and large-scale operations are in effect. 
By then remedial procedures are very difficult to carry out. 

In these cases the use of substances resulting from scientific advance has 
already outstripped the base provided by our scientific knowledge. Informa- 
tion on the biological effects of a new substance is acquired at a very much 
slower pace than the rate at which new substances are made or put into us. 
It is probably inevitable that biological research will move more slowly than 
either chemistry or physics, but it should be expected, therefore, that we 
would put correspondingly more effort into research on biological phenomena. 
The opposite is the case. Less than about 10 per cent of our total research 
expenditure goes into biology and medicine. 





~" 
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3. Natural Resources 


The natural resources contained in the crust of the earth comprise the major 
source of our wealth and it is a matter of concern that they be properly used. 
The natural laws which regulate the character and behavior of thes 
resources lie within the domain of the various sciences. However, social 
decisions actually control what is done with our resources. It has been 
pointed out by Paul B. Sears that these decisions are rarely in the hands of 
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scientists. Under these circumstances large-scale changes in our natural 
resources have occurred without proper consideration for the consequences 
which might be expected from a knowledge of natural laws. 

An illuminating example cited by Sears is the recent flood disaster in New 
England. He points out that the widespread damage caused by these floods 
was a direct consequence of the unplanned crowding of housing areas into 
the river flood-plains. This was a failure to recognize and act upon physical 
events easily foreseeable from a relatively simple knowledge of the landscape. 
The declining water-table caused by irrigation practices illustrates a similar 
disregard for natural laws. In these, and more complex instances, the harm- 
ful outcomes of the given practice can be predicted by appropriate technical 


analysis. 


These examples show that social factors condition the use to which scientific 
knowledge is put. Perhaps the most striking example of this phenomenon is 
modern warfare, which represents a social decision to use the power of 
scientific knowledge for purposes of destruction and death. 


VI. SOME CONCLUSIONS 


The present state of science, and its relation to the social structure of which 

it is a part, is characterized by the following general features. 

1. We are witnessing an unprecedented growth in the scale and intensity of 
scientific work. Research has placed in human hands the power to influence 
the life of every person, in every part of the earth. 

2. This growth has been stimulated by an intense demand for the practical 
products of research, especially for military and industrial use. Agencies 
which use the products of research are willing to provide financial support 
and other forms of encouragement for science, but show a natural tendency 
to favor those fields and aspects of science which most nearly relate to 
their needs. 

3. The public interest in, and understanding of, science is not commensurate 
with the importance that science has attained in our social structure. It 
cannot be said that society provides good conditions for the proper growth 
of science. The effort to explain the nature of science to the public is 
slight compared with the public attention now given to other less con- 
sequential areas of human activity. Interest in science as a career is so 
restricted as to cause a serious and worsening personnel situation. 

4. For reasons such as those just cited, science is experiencing a period of 
rapid but rather unbalanced growth. Basic research, which is the ultimate 
source of the practical results so much in demand, is poorly supported, 
and in the view of some observers lacking in vigor and quality. Areas 
more remotely connected with industrial and military applications, such as 
biology and the social sciences, are also not being adequately supported. 
The present period of rapid, unplanned growth in research activities is 
precipitating critical difficulties in connection with the dissemination and 
analysis of scientific information. 

5. The growth of science, and the great enhancement of the degree of 
control which we now exert over nature, have given rise to new social 
practices, of great scope and influence, which make use of new scientific 
knowledge. While this advance of science has greatly improved the condi- 
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tion of human life, it has also generated new hazards of unprecedentej 
magnitude. These include: the dangers to life from widely disseminate | In < 
radiation, the burden of man-made chemicals, fumes and smogs of y.| ener 
known biological effect which we now absorb, large-scale deterioration ¢ | that 
our natural resources, and the potential of totally destructive war. Th! time 
determination that scientific knowledge is to be used for human good, T 
for purposes of destruction is in the control of social agencies. For sug | any 
decisions, these agencies and ultimately the people themselves, need 7 attes 
be aware of the facts and the probable consequences of action. Her’ cern 
scientists can play a decisive role: they can bring the facts and thy! 
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estimates of the results of proposed actions before the people. * past 
' fore 
| situs 


VII. THE NEED FOR ACTION: THE ROLE OF THE ORGANIZATIONS OF SCIENCE i alre 


This appears to be a critical time for review of the general state of sciene 
and its relation to society. We are now in the midst of a new and unpre 
cedented scientific revolution which promises to bring about profound changes _ 
in the condition of human life. The forces and processes now coming under _ 
human control are beginning to match in size and intensity those of natur | 
itself, and our total environment is now subject to human influence. In thi 
situation it becomes imperative to determine that these new powers shall be | 
used for the maximum human good, for if the benefits to be derived from 
them are great, the possibility of harm is correspondingly serious. ; 
As scientists we are particularly concerned with determining how we 
should meet this situation, both as individuals, and through our organizations. 
In marked contrast to other associations, scientific societies seldom consider 
the social and economic position of their group. Action taken on social 
problems with a scientific or technological base are sporadic, and usually 
forced. Yet the democratic system is operated to a considerable extent 
under stimulus from groups, each representing the views and interests of its 
members. i 
Business and labor are not backward in presenting their opinions on social 
questions that affect them. They make sure that in the final decision their 
views have been considered. There are many who think that the viewpoint 
of scientists should also be stated publicly. In fact, if others express their 
opinions and scientists do not, a distorted picture will be presented, a pictur’ 
in which the importance of science will be lacking and the democratic proces | 
will become to that extent unrepresentative. f 
The need for action is serious and immediate. Consider, for example, the 
situation relating to the biological hazards of radiation. It is now six months | 
since the radiation committees of the National Academy of Sciences issued | 
a report that called for a series of immediate actions including, amon 
others: 
1. The institution of a national system of radiation exposure record-keepit} 5) 
for all individuals. 4 
2. Vigorous action to reduce medical exposure to X-rays. 
3. Establishment of a national agency to regulate disposal of radio-activ 
wastes. ’ 
4. Establishment of an international program of control and study of radi 
active pollution of the oceans. 
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5. Considerable relaxation of secrecy about dissemination of radio-activity. 
in addition, the committees pointed out that ‘The development of atomic 
energy is a matter for careful integrated planning. A large part of the material 
tion of that is needed to make intelligent plans is not yet at hand. There is not much 
r. Th! time left to acquire it.’ 
004, 0: There is no evidence that these urgent pleas for action have yet met with 
or such | any significant response. Clearly, this is a matter that requires the persistent 
eed ) | attention of all scientists. It exemplifies the pressing need that scientists con- 
. Her cern themselves with social action. 
d thi:| In this situation, the AAAS carries a special responsibility. As one of our 
* past presidents, Warren Weaver, has said: ‘If the AAAS is to be a vigorous 
' force for the betterment of science, it cannot continue in the face of crucial 
situations with closed eyes and a dumb mouth.’ This responsibility has 
NCE i already been recognized. What is needed now is a way to meet it. 
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